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Febhaps no other branch, of science affords such a 
comhination of instruction and entertainment as that 
which treats of the structure and varieties of the vegetable 
kingdom. The materials are everywhere around us, pre- 
senting in their endless diversity a constant source of 
novelty and enjoyment. Ko costly apparatus is required 
for the study ; a penknife, a pocket-lens, and a very few 
jOther simple instruments will complete the outfit of the 
amateur botanist ; and with such aids, and the assiduous 
employment of his own hands and eyes, he may make 
considerable progress. 

In this volume the author has endeavoured to supply a 
simple introduction to Botany in all its branches. Struc 
ture. Classification, and Description are treated of in suc- 
cession, briefly, but it is hoped clearly. To aid the student 
in his preparation, questions are given at the end of every 
chapter on Structural Botany, and these are numbered to 
correspond with the paragraphs of the text. The object 
of the book will be attained wherever it awakens in the 
student a desire for a more intimate acquaintance with 
the plants displayed on every hill-side and along every 
pathway; and this taste once acquired, the pursuit will be 
its own reward. 

The present edition has been carefully revised and 
considerably enlarged. Sets of Questions given by 
various examining bodies have been introduced, and 
several new diagrams and a copious Index added. 

Emns, March^ 1881. 
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BOTANY. 



INTKODUCTION. 

1. Botany is the science which treats of plants ifioratrn 
an herh j. It comprises several distinct branches, the piincipdL 
of which are : — 

Vegetable Morphology, or Structural Botany, which considers 
the form and structure of plants, and their various parts 
(fj,op(f)rj, form). 

Vegetable Physiology, or the mode of life and growth of 
plants. 

Systematic Botany, or the arrangement of plants into classes. 

2. The Three Kingdoms of IN'atiire. All the objects in the 
worid may be divided into two great groups — livmg things, 
and things without life. Bodies without life are called 
minerals, and form what is called the Mineral Kingdom — such 
as stones, metals, water. Living bodies are either plants or 
animals; plants form the Vegetable Kingdom, animals the 
Animal Kingdom. 

3. The parts of which a mineral is composed are usually alike, 
and independent of one another. But this is not the case with 
plants or animals ; they are composed of diverse or unlike 
parts, having definite relations to each other. These parts are 
called organs, and each organ has a certain duty ot function to 
perform. Thus the nose of an animal is an organ, whose 
runction is smelling ; the eye an organ, whose function is see- 
ing. Again, the root of a plant is an organ whose function is 
to take in food ; the seea, an organ whose function is to 
produce a new plant. Animals and plants are called oraanie 
or organised bodies, because they possess organs ; minerals are 
inorganic or unorganised bodies. 

4. Plants and animals differ in many respects, and it is in 
general easy to know them from each other. It is very easf ^ 
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for example, to distinguish an elephant from an oak, or a dopj 
from a rose tree. But it is very hard to say whether some of 
the smaller forms of living matter observed by the microscope 
are plants or animals. The surest means to distinguish be- 
tween them is, perhaps, the nature of the food required by 
them. Plants get their food from the soil and the atmosphere. 
They take it up in the form of inorganic or mineral matter, as 
water, carbonic acid gas, and ammonia. These they change 
into the complex matters of which they are themselves com- 
posed, such as starch, sugar, &c. Now animals cannot subsist 
on inorganic matter. They require to have almost the whole 
of their food in the form of some such compounds as those 
formed by plants — ^that is, animals can live only on plants, 
or on other animals. A cow cannot live on clay ; but grass 
grows on the clay, and the cow eats the grass and changes it 
mto beef. The parts of the soil are, therefore, changed from 
the condition of minerals to that of plants, and thence into 
that of animals. Thus vegetables form a connecting link be- 
tween the other two kingdoms ; and minerals, vegetables, and 
animals consist of the same materials, but in different forms. 

6. Chemists have discovered that there are altogether about 
sixty-three diflferent kinds of matter, existing in very small 
parte called atoms, and collections of atoms, called molecules. 
When a body contains only one kind of atoms, it is called a 
simple or elementary body, or an element — such as iron, gold, 
charcoal, sulphur. But when a body contains several kinds of 
atoms, it is called a compound — as chalk, salt, sugar. Although 
there are only sixty-three elements, the number of compounds 
formed from these is very great It has been found, further, 
that plante are made up chiefly of about sixteen elements. 
Three of these occur in every vegetable substance — namely, 
Carhan, Hydrogen, and Oxygen. Carbon is a solid (the same as 
eharcoal) ; hydrogen and oxygen are gases. In many parts 
of plants another gas called Nitrogen is found combined 
with these three elements. 

The compounds formed from carbon, hydrogen, oxygen, and 
nitrogen, make up the volatile parte of plants — that is, they 
pass away when the plante are burned, leaving behind a 
quantity of ash. which is called the fixed or non-volatile part. 
The elemente found in the ash vary with the nature of the 
plant ; but the commonest are potassium, sulphur, silicon, 
fluorine, chlorine, phosphorus, sodium, calcium, magnesium, 
iron, and manganese ; iodine and bromine, also, are found in 
seaweeds. 

6. The elemente are denoted for brevity by their initial 
Jetters — tfaiiB C stands for carbon, H for hydrogen, N for 
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nitrc^en, for oxygen. Also, small figures placed to the right 
of the letters, and a little lower down, indicate the number of 
atoms of each element present in a molecule of any compound- 
Thus ivater is denoted oy OHj, showing that the molecule of 
water is composed of one atom of oxygen and two atoms of 
hydrogen, (hrbonic acid gas is represented by COj — ^that is, 
one atom of carbon and two atoms of oxygen form one mole- 
cule of carbonic acid gas. Am/monia consists of one atom of 
nitrogen united to three atoms of hydrogen, NHj. These are 
inorganic compounds, taken in as food by plants. The atmo- 
sphere consists of two simple gases — oxygen and nitrogen ; but 
these are merely mixed together, and not combined as in the 
substances just named. In every 100 parts of air by weight, 
there are 23 jparts of oxygen, and 77 of nitrogen. The atmo- 
sphere contams also a quantity of aqueous vapour or steam, and 
about 4 parts in every 10,000 of carbonic acid gas, ('04 per cent.) 
Plants get carbonic acid from the air, but no nitrogen, which 
is only taken up in its compounds. The other elements and 
compounds are taken in, when dissolved in water, by the roots 
of pbnts. 

7. From the substances thus absorbed plants manu&cture 
compounds with entirely new properties. The first compound 
formed by them is called protoplasm, and is composed of car- 
bon, hydrogen, oxygen, and nitrogen ; and from it all the others 
are produced by various modifications. The other products of 
plants are very various. Tl'c following are a few of the more 
important : — 

Btardi, (C«HioOfi) is found in the parts of plants not exposed 
to the air and light, as in roots, tubers, and grain. 

Cellidose (OeHioOs) forms the walls of young cells, and the 
basis of all vegetable tissues. It is found nearly pure in 
hair of cotton. 

Sugao" exists in susar-cane, beet, and maple as cane sugar 

(CuHnOii) ; in ripe Suits as grape sugar (C«HiaO«) ; and in 
celery, manna, &c., as mannite (C«HuO«). 

Gum^ of various kinds (CuHaOu), as gum-arabic, &c. 

AUmminoids are compounds containing nitrogen, such as the 
fibrine of wheat, caseine of peas, &c. 

The chief compounds found in \heash of plants are — ^potash 
(EsO), soda (NatO), lime (OaO), magnesia (MgO), Silica 
(8i02). 
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CHAPTER I. 
GENERAL STRUCTURE OF A FLOWERING PLANT. 



8. Some plants are simple cells or bags; some consist of A 
single TOW of cells, laid end to end, and fastened together; 
others, again, are composed of a number of such strings inter- 
laced together; but most of our common plants consist of a 
great variety of cells and other simple |)arts, combined into 
various organs. The former are called simple plants, and art 
said to be of low organisation; the latter are highly-organiseoL 
It is desirable to study the highest plants first, because they 
are most easily obtained, and are by far the most important 
and sdso, because the lower forms will be much more easily 
examined after the learner has gained some experience with 
the lugher. 

9. To get a clear notion of the general structure of the 
higher plants, let us take an example known to everyone — 
a buttercup or crowfoot, represented in the drawing. Fig. ] 
There are various kinds of buttercup; almost any one will 
serve for our present purpose. Take up a complete buttercup 
plant from the ground, carefully removing the earth, so as not 
to injure any part. Observe that it comprises — 

(1.) An underground part, which is white, and consists of 
numerous fibres tapering towards their extremities, and giving 
off thread-like fibrils ; these all grow downward, away from 
the light. 

(2.) An aerial part, comprising a long, slender, hollow, 
branched stem, giving off flat sreen expansions, called leaves, 
and also branches, each of which bears at its extremity a 
bright ^Id-coloured flower, or else a flower bud. This part 
grows directly upwards from the ground. 

Now this buttercup may be taken as a general type of all 
the higher plants ; alt have these parts, more or less perfect. 
The main central portion, comprising the root and the stem, i» 
called the axis; the underground part — that is, the root — is the 
descending axis; and the stem is the ascending axis. The parts 

S'ven off from the axis are called appendages. Thus, united to 
le central or main portions of the root are many fibres or, 
branches, called rootlets; united to the stem are branches, leaves, 
sj\d floicers — these constitute the appendapjes. 

Let us take up these organs in order, and see what we can 
discover about Uiem. 
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10. The Boot consists of several fibres growing down- 
wards, and giving off smaller branches. These fibres ter- 
minate in fine, soft points. One use of the root is to hold 
the plant firmly in its place ; but another function is 
performed by it-— through the root the plant obtains the 
food which it requires from the soil. Each rootlet termi- 
nates in a little sheath of flattened cells, enveloping the tip, 
within which is a mass of denser cells, forming the growing 
point. Nourishment is taken up, not by the gro^ving point, 
out by long delicate cells standing out from the surface of 
the root-fibres — root-hair 8, No solids can pass up in this way ; 
the food of plants consists entirely of liquids and gases. 
The root-fibres are spread out like arms through the soil to 
search for food, and this food, when found, passes up along 
their interior. Mark that all the root is white ; that the 
root-fibres' appear to be given off irregularly ; and that no 
leaves or buds are given off from any part of it. 

11. On taking up the Stem, you observe at once a very 
marked contrast between it and the root. Except a short, 
thickened part just under the ground, the stem is green ; the 
leaves also are green, and the flowers a bright yellow. You 
find nowhere above ground the dull white of the roots. And 
the same difference appears in all plants ; the underground 
parts are whitish, the parts above ground either green or 
coloured. If, however, you cover a plant with earth with- 
out killing it, the stem and even the leaves become white, 
as in blanched celery and potatoes growing in dark comers. 
On the other hand, if parts growing underground are ex- 
posed to the air and light, they may become green, as is seen 
m potatoes from which the earth has been removed so as to 
expose the growing tubers. 

12. The substance which imparts this green colour to cer- 
tain parts of plants is called c^Zjprop Ay Z?(x^«/>^y, green ; <pv\Kov, 
a leaf). It is distributed through the protoplasm in small 
grains. When the plant is deprived of light, these granules 
are formed, but want the colouring matter : and the same 
thing occurs if iron is not contained in the food of the plant. 
When exposed to sunlight, chlorophyll grains develop 
starch ; tms is dissolved during the night, and either used 
up in growth, or stored in some reservoir for future use. 
The green colour of chlorophyll often gives place to yellow 
or red, as in the ripening of fruits. The other colours of 
^ants do not seem to depend on light ; thus flowers have 
their proper colours as soon as formed, even in the dark. 
The exact composition of chlorophyll is not known. It 

plays a very importfint part in the life of the plant, being 
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•the principal agent by whicli it takes from the atmosphere 
the carbon required to build up its parts. 

13. Pursuing our examination of the stem, we find that it ia 
a long, jointed tube terminating in a flower, and gi^^g off 
branches which also terminate in flowers. In its earliest stages 
it is solid ; but as the growth of the stem goes on faster tnan 
new matter is formed in the interior, it becomes hollow. The 
stem consists of soft matter without any wood, and is hence 
called herbaceous. The outer coating of the stem may be 
readily stripped off: it is covered with hair or down. Thia 
covering is called the &pidermisy and, if you examine carefully, 
you will find the whole plant enveloped in the same covering 
— all except the cellular sheath at the end of the rootletay 
and a single point in the flower. 

14. The Leaves. From the base of the stem some leaves 
spring ; since they appear to come from the root, they are called 
radical leaves. Each of these radical leaves has a long stalk, 
which, at its lower extremity, widens so as to sheathe the stem; 
and the leaves themselves are very deeply divided and sub- 
divided. Other leaves are given off along the stem, and these, 
though still much divided, become simpler as we ascend ; the 
stalk also becomes shorter, but still sheathes the stem. From 
the greatly divided leaves, the whole buttercup family get the 
name of crowfoots. The flat part of the leaf is called the hladc 
or lamina f the stalk which supports it the leaf-stalk or petiole. 
The acute angle formed by the petiole with the stem is called 
the axil of the leaf. In the axils of the leaves there are formed 
at first budSf from which spring branches bearing flowers. Such 
buds are called axillary. 

15. The leaves are crcen on the upper surface, somewhat 
lighter on the under side, and with numerous hairs both above 
and below. The leaf-stalk is continued throi^gh the middle of 
the leaf, and gives off a branch to each division. Each branch 
sends off smaller branches, and these still smaller ; the whole 
forming a network or reticulation. If you tear such a leaf, you 
do not get a straight edge, but a jagged line. The continuation 
of the petiole through the blade is called the midrib; the parts 
which it gives off are called sometimes ribs, more commonly 
veinSy sometimes nerves. The leaves of the buttercup are said 
to be net-veined, or the venation is reticulate. 

16. All these leaves are called foliage leaves, to distinguish 
them from floral leaves; those springing from the base of the 
stem, radical; those connected with the stem proper, cauline. 
In our buttercup only one leaf is given off from any one part 
of the stem : the leaves are therefore said to be alternate. In 
some plants two leaves are given off at t\\^ ^axckSi \«s^. ^^. *^^ 
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stem: they arc tlien oiiposite, lu other cases, several leaves 
are given off at one part surrounding the stem. Such an 
arrangement is a whorl or verticil, 

17. The Root, Stem, and Leaves are called nutritive organs, 
because their principal function is to take in and convey to 
the other parts the food by which the plant is nourished. The 
nutriment is taken in by the rootlets, and passes up through 
the stem to the leaves, where, by its contact with the air, it 
undergoes those changes which convert it into formative 
material, fitted for building up new cells and tissues. From 
the leaves the altered (digested) sap passes down to the growing 
layer of the stem, where it is either formed at once into new 
cells, or stored up for future use. Thus the root, stem, and 
leaves are entirely engaged in the support and continuance 
of the individual plant to which they belong. 

18. The case is quite different with the remaining organs — 
the Flower and the Fruit The Flower consists of a number of 
modified leaves, in this case in four concentric sets, the outer 
two of which, however, are often wanting. The remaining 
two, being the essential parts of the flower, are concerned in 
the production of the fruit. This again contains the seed^ 
whicn is the germ from which new plants spring. The flower 
and the fruit are therefore called reproductive organs; their 
function is to perpetuate the species — to provide new plants of 
the same kind as that to which they belong. 

19. The outer part of the flower consists of a number of 
email, yellowish-green leaves, given off in a whorl from the very 
top of the flower-stalk. This whorl is the calyx (cup), and the 
leaves which make it up are the sepals. The sepals in this 
buttercup are five in number, and are all equal in size and 
separate irom each other; and the whole calyx is separate from 
every other part of the fiower except the top of the fiower-stalk, 
on which it is fixed. In the full-blown buttercups the sepals 
are folded back, or, it may be, have fallen off : they are deciduous 
— ^that is, fall off early. 

20. Inside the calyx is a second whorl of much larger leaves, 
coloured bright golden yellow. They are five in nimiber, and, 
like the sepals, are all of the same size and shape, and all 
separate from each other and from every other part of the 
flower. This whorl is called the blossom or corolla (corolla, a 
little ciown), and the leaves which compose it petals. Each petal 
is inserted just opposite the space between two sepals — that is, 
the sepals and petals are alternate. At the bottom of the petal 
there is a small fold of the epidermis : this is a gland, where 
lioney is secreted, to attract insects, &c. 

3L These two whorls of leaves are absent in some flowers 
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Their chief business is to protect the inner parts of the flower, 
and they are hence called jUtral envelopes, or the non-esseiUial 
floral organs. The petals are excellent reflectors, being concave 
mirroiB. They reflect the light and heat of the sun on the 
central parts of the flower. In some flowers, lilies for instance, 
the sepals and petals are indistinguishable, except by their 
pt)sition. They are alike in size and colour ; but the aep&ia 
still form the outer whorl, and the petals the inner. Both 
whorls are then called by a Greek name of the same meaning 
as floral envelopes — ^viz., pericmth (^^p*, round ; av^os, a flower). 

22. The remaining parts of the flower are the essential organs 
of reproduction, and must always be present in order that fruit 
may be produced, though sometimes they are found on differ- 
ent flowers, or even on different plants. 

Having plucked off the sepals and petals, you And a number 
of small yellow knobs, each supported on a short, thread-like 
stalk. These form the third whorl, or rather they form several 
whorls, for they are much more numerous than the sepals and 
petals. These little bodies are the stamens, the stalk is the,^- 
ment, the little knob the anther. Each stamen is really a modi- 
fied leaf, the anther being the blade, the filament the petiole. 

23. Taking away the stamens, you come to the innermost 
part of the flower, called the pistil. It consists of a number of 
separate parts, called carpels, packed close together, but not 
cohering to each other. Get out one with a needle and 
examine it. It is a little body, rounded below, and produced 
above into a kind of horn. Cutting through it right across the 
thickest part, you can. perhaps observe, with the aid of a glass, 
that it contains a small, round, whitish body. This is a young 
seed, and is called an ovule (ovum, an eg"). The rounded part 
of the carpel— that part which contains the ovule — is called the 
ovary, the tapering end is the style, and the end of the style is 
the stigma,. The carpels are also modified leaves ; but^ as they 
hav^ no stalks, they are said to be sessile, 

24. If now you remove the carpels, you find that all the 
parts of the flower have been separately resting on, or inserted 
in, the rounded top of the flower-stalk. This stalk is called 
the peduncle, and its end, which bears the flower, the receptacU 
or thalamus, 

25. The number of the sepals and petals can be told at a 
glance, but that of the stamens and carpels cannot be made out 
without some trouble. In such cases it is usual to count them, 
and give the number if it do not exceed 20; above 20, the 
parts are said to be numerous, or indefinite, and this is often 
indicated by the symbol oo . In the buttercup, both stamens 
and pistils are indefinite. ^ It will \>^ \jQit>iJcL ^\c^^ \r» ^acs^sJs* 



10 BOTANY. 

tliem, notwitlistanding : you will find tliat the number bears 
some simple relation to that of the other whorls. The number 
of sepals Deing 5, and that of the petals also 5, the number of 
stamens and carpels will be either 5, or some multiple of 5, as 
10, 15, 20, &c. Each flower holds close to a certain number in 
its parts, and we shall hereafter find that whole classes of 
plants adhere very closely to the same number. 

26. The carpels, when ri]pe, form the Fruit of the plant, con- 
taining the iemSf which are simply ripened ovules. The fruit and 
seeds are the most important parts of the plant, and for their 
sake the whole flower exists. The mode in which the carpel 
is changed into the fruit is briefly this. Each anther is a 
double bag containing a kind of dust called pollen. When the 
anther is ripe it bursts, and the pollen escapes ; a grain of it 
falls on the top of a carpel, which, you remember, is called the 
stigma. A sticky matter there detains it, and supplies it with 
moisture. The grain begins to grow ; it pushes a long tube 
down through the style into the ovary, and then a pro- 
toplasmic substance {fovilla) flows from the pollen- grain 
into the ovule and ripens it, so that it becomes a seed (Fig. 
47). The stamens, having performed their function, soon 
disappear, and the dry head of carpels is left alone on the 
flower-stalk. These dry carpels (now called achenea), are 
shaken off and blown about by the wind. When one falls 
on a suitable spot, it sooner or later germinates , takes root, 
and produces a new buttercup plant. 

QUESTIONS. 

INTRODUCTION. 

1. Define Botany. What is the derivation of the word? 
Name its principal divisions. 

2. What are tne three kingdoms of nature? 

3. What is the great difference between minerals on the one 
hand, and plants and animals on the other? What is an 
organ? a function? Give examples. What are organic bodies? 
Inorganic? 

4. In what cases is it hard to distinguish plants and animals? 
What is the surest test? Show that a portion of matter may 
at different times belong to each of the three natural kingdoms. 

5. How many different kinds of matter are known? What 
is a simple body? A compound? Give examples. What 
elements are always found in plants? What other element i^ 
often found? 

6. Name some inorganic compounds used as food by plants? 
Oire the composition of water ; of carbonic acid ; of ammonia. 
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7. Name some o^anic compounds fjund in plants. How- 
are they formed? What is the composition of starch? of grape 
sugar? of cane sugar? of gum? How may these substances be 
driven off? What are the chief substances found in the ashes 
of plants? 

CHAPTER I. 

8. What is meant by plants of low organisation? What by 
highly-organised plants? Why is it better to begin with the 
higher plants? 

9. Describe briefly the two parts of a buttercup. What is 
the axis? its two parts? the appendages? 

10. Describe the root. What is a root-hair? Its use? 
How does the root grow ? In what state do plants require 
their food ? 

11. Describe the stem. Mention two respects in which it 
differs from the root. 

12. What substance gives the green colour to plants? How 
is it found ? What is its use ? 

13. When is a stem called herbaceous? What is the outer 
covering of the stem? 

14. Name the appendages of the stem. Explain the terms 
radical, axil, petiole. Why are the crowfoots called so ? 

15. Describe the leaf. What is the midrib? What sort of 
venation has the buttercup? 

16. When are leaves alternate? opposite? whorled? Of 
which class are the leaves of the buttercup? 

17. What are the nutritive oi^ans? Why so called? De- 
scribe the nutrition of a plant. 

18. What is the use of the flower and fruit? What are 
these organs called? 

19. Of what does the buttercup flower consist ? What is tlio, 
difference between the two outer and the two inner parts ? 
Describe the calyx. Explain deciduous. 

20. Describe the corolla. 

21. What are the floral envelopes? Meaning of perianth? 

22. What are the essential organs? Describe a stamen. 
How are the stamens arranged ? What are their parts? 

23. Describe the pistil. What is a carpel? What are its 
parts? What is an ovule? 

24. How are the parts of the buttercup flower supported? 

25. What connexion exists between the number of parts in 
the different whorls? Give a brief general accoimt of the 
flower of the buttercup. 

26. How is the fruit formed? Where is pollen produced? 
What is its use? Describe its action. What is a seed? its use? 
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CHAPTER 11. 

GERMINATION OP A BEAN — GRAIN OP WHEAT — SPORE OF TERN. 
DISTINCTION BETWEEN PLOWERINQ AND FL0WKRLE8S 
PLANTS. 

27. We have examined a flowering plant in a state of 
maturity. Let us now take another view of it, and ohserve it 
in process of growth. For this purpose the buttercup does 
not suit well, on account of the Binall size of its seed. A much 
better example is aflforded by the acom, the pea, or the bean. 
The last, being large and easily obtained, will now be taken as 
our example ; but the same description will apply, in all its 
main features, to the others. 

The bean is enclosed in a tough, somewhat leathery, white 
case. At one end we And a long, black mark, called tne hUum 
or scar, showing the place by which the seed was attached to 
its pod or covering in the parent plant. At one end of this 
scar you may find a small hole, like a puncture made with a. 
pin point. If the seel is very drv, this will probably not be 
easily observed ; but by soaking tne bean in water lor soma 
time, and then squeezing out the moisture, you will readily 
find it. This opening is called the foramen (an opening, L,) or 
micropyley (jiiKpoSy small ; ttvAos, a gate, Gr.) 

28. Stripping off the cover, we find the bean to consist of 
two parts or lobes of equal size, rounded on the outside, but 
having flat surfaces where they touch. These two parts can 
be eamly separated from each other, except at one point, where 
they seem hinged together. Here you find a small protuberance 
pointing towards the place where the micropyle existed in the 
coating which you have removed. Pointing inwards between 
the two lobes jrou will find a shorter body, which, on close 
examination, will turn out to be a Imd with rudimentary leaves. 
These two parts form the germ or ernbryo of the future plant, 
having the principal parts, root, stem, and leaves, already 
formed on a small scale, and packed close together. 

29. The two fleshy halves of the bean are called seed-lobes or 
cotyledons (KorvXrf^ a cup) ; and the seed of the bean is called 
diectyledonous, because it has two of these lobes. Some seeds 
are not thus divided into two, but consist of only one lobe or 
Cotyledon : these are called nwnocotyledonous. Wheatf grass, 
lilies are examples. Now every seed (with some apparent 
exceptions) is either one-lobed or two-lobed; and therefore 
all plantsi which grow from seeds are either dicotyledons or 

jaonacoiyJedons, This is a division of very great impor- 
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tance, and wtU be frequently referred to. We sliall find thut 
other remarkable differences distinguish the two classes. 

30. Now place several beans in wann, moist earth, and ex- 
amine them one after another at interralB of a few days. Yon 
will thus observe the various stages in germination, or the 
production of a plant from the germ. A more satislactorj 

Shin, perlmps, is tula ; suapend a bean by a thread, SO as just to 
ip into a oottle of eoft water, and place it in a warm, dark 
place. After a few days a thick, soft, white fibre will protrude 
through the small hole in the hilum, and thrust itaelf down- 
wards into tlie water W earth ; and soon aft«r, the part con- 
taining the first leaves will push itaelf up at the opposite 
extremity of the seedling pliuit. The part first developed 
always protradea at the micropyle, and grows downwards, away 
from Ihe air and light, in search of moisture apparently. Even 
should the seed be so placed as to have the olock scar uppeiv 
most, this part will grow through the raicropyle, and then, 
turnup, grow downwards. The cause of this has never beea 
satiafactonly made out , but some very interesting esperi- 
ments seem to show that the gravitation of the fluids wliich 
It contains has something to do with iL 




- Tlie part which is first developed is the radicU (radieula, a 
little root, L.) forming the deieending aoAt or roof, and tapering 
at its lower extremity. The other part, which bean the rudi- 
mentary leaves, is the ^IwnaU (jilumula., a little featber, L.)' 
forming tlie a*oendiiig weit or *fcm; it raiaea thft \!»,-1«;^^£l■«^a.^ 
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the air and light, which are required for the perfoiinance of 
their functions. The radicle tapers downwarcb, the plumule 
upwards ; so that the thickest part of the axis is at the point of 
union of the two, called the ttgellum or collar. Thus the axis 
consists at first of two long cones united at their bases. 

31. The nutriment required to sustain the plant until the 
root and leaves have got into proper working order is supplied 
by the two seed-lobes, which are thus gradually absorbed. In 
some plants these seed-lobes rise above ground, and perform 
the function of true leaves ; but in many cases they remain 
under ground. They are always, when developed as leaves, of 
an oval shape, and bear no relation to the shape of the foliage 
leaves. In the bean, the embryo, including the seed-lobes, 
fills the whole of the case enclosing the seed ; but in some 
seeds the embryo occupies only a small space, the rest ot* the 
case being filled with a substance called endosperm ^ a starchy, 
oily, or albuminoid matter, which supplies nourishment to 
the plant until the root and stem are able to perform their 
respective functions. The buttercup, for instance, has a very 
small embryo, and a comparatively large supply of endo- 
sperm. Those seeds which have endosperm are often called 
albuminous ; those which have none, ex-albuminous, 

32. ' Certain conditions are necessary for the germination ot 
the seed. Moisture is essential ; no seed can germinate if kept 
very drjr. Those seeds which are hard and dry will germinate 
sooner if steeped in water for some time before bemg sown. 
Another condition is a certain degree of warmth : a temperature 
of from 60' to 80° Fahr. is most generally favourable ; but 
tropical plants require a higher t^perature than this, and 
some can germinate at a little above the freezing-point of 
water. Air is necessary to germination, oxygen being the 
essential part. Hence the soil in which seeds are sown should 
be so open that it can be permeated to a sufficient depth by 
the atmosphere ; hence also the seeds should not be placed too 
deep in the earth. In nature the seeds simply drop from the 
plant, and are transported by winds or waters to the spot 
where they germinate ; thus they are either on the surface 
of the groimd or only a short distance beneath it. In this we 
should imitate nature ; but we must, at the same time, take 
care to remove the seeds from the scorching effects of the sun, 
or the equally destructive influence of frost. The soil should 
be pulvensed to make it accessible to air ; but it should also 
be kept tree, by drainage, from excess of moisture, which both 
reduces the temperature and prevents the admission of air, by 
&ll}ng up the pores. A fourth requisite is darkness; the suii- 
J^ght prevents or retards gennination — hence our bean grown 
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in water must be kept for some time in a dark place. It is 
supposed, indeed, tliat what are called the chemical or actinic 
rays of the sun have a beneficial effect on germination ; but 
these are not light-giving rays. 

33. Some seeds germinate very soon after being sown. Cress 
will germinate in a single day ; others, especially those having 
a stony covering, may lie dormant for years ; while some 
germinate even before leaving the parent plant. Some seeds 
perish very soon, and must be sown almost immediately after 
ripening : such are those which have much oil in their com- 
pjosition. But many seeds retain their vitality for a long 
time, and germinate whenever the necessary moisture, air, and 
heat are supplied to them. Thus the seeds of the melon have 
grown after being kept for forty years ; and mummy wheat 
from Egypt is said to have produced plants after being 
dormant for perhaps 2000 years : but this is very doubtful. 
When forests are destroyed, a new vegetation often appears, 
the seeds having lain inactive for many years, until allowed 
the requisite conditions by the removal of their rivals. Thus, 
when pine forests are cleared in North America, oaks often 
make their appearance. And every farmer knows that if he 
breaks up a field which has been long in grass, especially if 
he tills deep, he will probably have a crop of weeds such as 
have not been observed in it for a long time previously. 

34. Much attention has been given to this subject of germi- 
nation, and great pains have been taken to ascertain what 
changes occur during the process. First of all, the seed absorbs 
moisture, probably by capillary attraction ; it then swells and 
bursts the covering which encloses it, thus leaving the way 
clear for the growth of the plumule upwards. 

Important chemical changes take place at the same time in 
the embryo. The seed-lobes consist chiefiy of starch, which 
is insoluble in water, and therefore is not altered by moisture 
alone. Its composition is CeHioO^. When the proper heat 
occurs, with a supply of air, the starch takes oxygen from the 
air : this oxygen unites with part of its carbon, forming carbonic 
acid, which escapes, and the remaining part of the starch forms 
sugar, CaHuOa. To make this clear, suppose we take six 
molecules of starch =CmHmOm; this forms five molecules of 
sugar =CsoHMOMy and parts with six atoms of carbon, C«. 
These six atoms of carbon, uniting with twelve atoms of oxygen 
from the air, form six molecules of carbonic acid, 6C0j. The 
sugar is dissolved by the moisture absorbed, and is taken up 
by the growing parts, supplying material for the enlargement 
01 those parts. 

Usually plants absorb carbonic acid and give out oxygen : 
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but that is in suiiliglit and only in the green parts ; wliiliB ger- 
minating, their action is just the reverse. They then require 
to get rid of some carbon, so that the insoluble starch may be 
changed into soluble sugar ; in after life they require to take 
carbon from the atmosphere to build up their stems and leaves. 

35. Whenever chemical union takes place heat is produced. 
When a candle bums, its parts imite with the oxygen of the 
atmosphere, carbonic acid and water being formed, and heat is 
the result. Just in the same way, plants while germinating 
give out heat, because chemical imion is taking place between 
the carbon of their starch and the oxygen of the atmosphere. 
At other times plants absorb heat, because they are efifectingy 
not chemical imion, but chiefly chemical separation. 

36. By the aid of the nutriment thus provided, either from 
the seed-lobes themselves or from the albumen where it exists, 
the radicle grows downwards and gives off branches ; and the 
plumule grows upwards, the leaves which it bears enlarge, and 
on coming to the surface, expand and become green. The 
root takes up nourishment from the soil, the leaves absorb 
moisture and carbonic acid from the air, and the plant becomes 
independent of the cotyledons or endosperm just when the 
supply from these is exhausted. 

37. Now let us take a specimen of a monocotyledon, and 
observe its mode of germination. The same conditions are 
necessary, namely — ^moisture, warmth, air, darkness ; but the 
mode of growth is very different from that of the bean. 

Soak a few grains of wheat in water for some time, and cut 
one downwards througli the middle. The interior is filled 
with the floury mass of starchy matter called albumen or 
endoapermf which has already been mentioned. The embryo 
or plantlet forms in the wheat a very small part of the grain, 
situated at one end. It has not two opposite cotyledons, 
but one, which forms a sheath round the plumule. The main 
root also exists in the embryo, but remains undeveloped. 

38. When germination begins, we look in vain for a single 
radicle bursting forth as in the bean. Instead of this, a num- 
ber of slender fibres break through separately, and continue 
to grow downwards without branching, and without dimi- 
nishing sensibly in thickness. Such a root is called a 
fibrous root, and belongs to all monocotyledons. The root 
of the bean is formed by a part of the axis and its branches ; 
but the root of wheat does not strictly form part of the 
axis at aD, The former is called an axial root, and, in con- 

tndjstmction to this, the root oi a moTvoQoV^\<&dorL is called 
adventttioiis. The single cotyledon. xeTnarvxia "Vieixft-aJODL HX^t^ 
^"rf^ce; and thia is usually the case in moiioiio\rs\fe^ow^. 
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The plumule of wheat spriugs up from one sicfo of the 
grain, bearing a single cotyledon, which, being contained 
in the seed, is scarcely perceptible. Above 
this, the leaves are given off alternately, each 
leaf .sheathing the stem at its base, and 
tapering to its extremity. No buds are 
formed in the axis of the leaves in wheat as 
in the bean and buttercup, and hence no 
branches are produced. 

39. Such are the modes of germination of 
two great classes of flowering plants. But 
besides these there are other plants, which 
bear no flowers, and are therefore sometimes 
called flowerless. As, however, many of these, 
perhaps all, have organs which serve the 
same purpose as flowers, more appropriate 
names have been applied to them. Mowering 
plants are called Phcmogama or Phanerogams 
{^ouy», to appear; ^vtposj evident; 7«M0J» 
union), from the fact that they bear evident 
flowers and seeds with distinct embryos. The 
others are called cryptogams [Kpurrhsy hidden), 
because their floral organs are not evident. 
The name acotyledonSyioTmerlj given to such 
plants, is now discarded as inappropriate. 

40. Ferns furnish examples of cryptogams. 
Examine a fern ever so minutely, and you 
find no flowers. But turn to the back, or 
under side of the leaf, and you discover nu- 
merous little brown heaps (sort) arranged in 
rows along the lobes. Each heap contains 
peveral cases — oval bags surrounded by an 
elastic ring ; and each of these cases contains 
a number of small bodies called spores, A 
leaf which bears spores in this way is called 
a frond. You cannot see either spore-cases 
or spores without a microscope ; but with a 
good instrument the examination is both 
interesting and instructive. Now these 
spores are not the reproductive organs of 
the fern, being only buds ; and they are produced in quite a 
different way from the seeds of the buttercup or bean, and 
their germination also is very different. 

If one of these spores be sown on a xsioSaX. ^^BaA^^Svftv%*^s^ 
part which happens to be lowest Vi^ eX\7«i^^ ^v^^ '^'S. x^^» ^ 
root but & root hair CWiizoid) or a Yia^xYkJK^vci^ N^'^ ^^^^'^^ 
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tions of a root ; and a flat expansion of a temporary nature 
(prothallus) which bears the reproductive organs called 
antheridia and archegonia ; and from the central cell of the 
archegonium the fern plant is produced. 

41. New plants are usually produced, as just described, 
by the germination of seeds derived from former plants of 
the same kind. Provision is made in nature for the dis- 
semination of seeds in various ways. Some seeds, as those 
of dandelion and thistle, have downy tufts which enable 
them to be wafted by the winds ; those of burdock have 
hooks by which they adhere to the hides of animals, and so 
get carried about. Those of furze are projected to a con- 
siderable distance by the elastic force of the pods when 
bursting. Bunning water, migratory birds and beasts, and 
the commercial operations of men, also disseminate widely 
many plants, which would otherwise bo confined to limited 
tracts. But plants are propagated also b}' buds and cut- 
tings. The potato is commonly grown from tubers : the 
strawberry plant, creeping buttercup, &c., send out runners 
which develop roots and leaves, and give rise to new plants. 
And many herbs and shrubs grow from cuttings. 

QUESTIOXS. 

27. Why is the bean t.,Ken as the example in this chapter ? 
Describe the covering of the bean. "What is the hiliini ? 

28. What does the bean consist of ? What is the emiryo ? 

29. What are the parts of the seed called ? How many 
has a bean ? A grain of wheat ? What terms denote this ? 

30. What is germination? Describe it in the bean. What 
is the radicle ? the plumule ? What part of the plant is 
formed from each ? 

31. How is the young bean nourished ? Is this always 
the case ? What is endosperm ? 

32. Name the conditions of germination ? 

33. Give examples of great vitality in seods. 

34. What is the first step in germination ? State any 
chemical change which takes place in the embryo. What is 
the usual action of plants on the atmosphere ? What is their 
action during germination P Account for this. 

35. If a thermometer be placed near germinating seeds, 
how will it be affected ? Why P Give other examples of 
similarprocesses producing similar effects. 

36. How long does the nourishment contained in the 
B06d-lobes or the endosperm last P 

37. Describe the structure of a grain of wheat. 

S8. Describe tho germination of a grain of wheat ? What 
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sort of root has wheat ? What is an axial root ? an adven- 
titious root ? What plants have axial roots ? 

39. What are the two great divisions of plants ? 

40. What sort of plant is a fern ? What are spores ? 
Where are they found P What are the leaves of ferns called ? 
Why ? How does a spore germinate ? 

41. Name the various ways in which new plants are 
produced. 



CHAPTER III.— CELLS AND VESSELS. 

42. If a drop of baker's yeast be examined with a power- 
ful microscope, it will be found to contain multitudes of very 
small rounded bodies, consisting of a shell, enclosing a semi- 
fluid pr jelly-like mass. Five thousand of these bodies laid 
side by side would extend about an inch ! Yet e&ch of them 
is a separate plant, growing and producing other plants, 
and dying. This is the simplest form of a plant. Such a 
structure is called a vegetable cell. At the period of greatest 
activity, a cell usually consists of three parts : — 1. A firm, 
clastic outer cell- wall, consisting of dead matter, cellulose. 
2. A soft, inelastic, semi-fluid, albuminoid substance inside 
the cell-wall, protoplasniy which often contains a more solid 
rounded body, the nucleus. 3. A watery fluid, cell- sap, in 
the centre, and pervading both the protoplasm and the cell- 
wall. The protoplasm is the essential part of the cell, on 
which its activity and growth de];>end ; and from which all 
the other cell- contents are elaborated. In some young 
cells there is no wall ; only a mass of protoplasm, 
having the power, however, of forming a cell- wall and cell- 
sap. When the cell grows old and activity ceases, the proto- 
plasm disappears entirely, the wall and sap remaining; 
sometimes the wall alone remains, the cavity being filled 
with air, as in cork cells. Cells without protoplasm are 
useful to the plant only by their hardness and stability, or 
by their power of retaining water. 

43. Of such structures every plant is at some period of its 
existence formed, and many plants consist wholly of cells at 
every stage. Such are mushrooms, seaweeds, and mosses ; 
these are hence called cdltdar plants, 

44. When first formed, cells are more or less spherical in 
shape ; but they soon become modified according to their 
position and function. Hence mature cells differ greatly in 
size, shape and office ; thus we have spherical (jB*i^. 4^ ^Uv^- 
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seidal, and hexagonal cells (Fig. 5). By the splitting of 
the cell- wall, especially in rapid growth, spaces filled with 
air are often left between the cells, as in Fig. 4. 




Fig. 4.— Spherical Colto. 



Pig. 5.— Polyhedral Cells. 



45. Sometimes the cells assume an oblong form, so that a 
number of them have the appearance of a brick wall ; they are 
therefore called muriform (mtirus, a wall). Again, cells some- 
times take the form of stars, and are termed stellate. Between 
such cells there are large empty spaces, and these, when placed 
together, one above the other, are generally filled with air, 
as in the pith of rushes. The form of cells thus varies 
according to the amount and direction of tne pressure to 
which they are subjected. 

46. Cells vary very much in size. The yeast plant is generally 
about jAw of an inch across ; but ordinary vegetable cells are 
consideraDly larger, and range from j^ms to about g^ of an 
inch in diameter. In the pulp of lemon the cells are about 
j^ of an inch across ; and in cucumber and the pith of aquatic 
plants the size reaches ^ to ^ of an inch. 

47. In some cells a curious circulation of granules round and 
round the cell-wall may be observed, as in the hair of a nettle ; 
also in ohara, vallisneria, &o. This appearance is produced 
by the rotation of the whole mass of protoplasm of the cell, 
carrying the granules along with it. The other contents 
are very varied, consisting of starch, chlorophyll, sugar, oils, 
&c. Some cells contain crystals of lime (calcium oxalate) 
called rapMdes, These are sometimes needle-like, as in squill 
(blue-bell) ; sometimes star-like, as in rhubarb. The colour- 
ing matter of flowers is not solid like chlorophyll, but dis- 
sobred in the fluids of cells ; it is called chromule, 

48b A structure composed of many cells connected together 

i» called cellular tisme. The green parts of plants, the pith of 

tt&BB'and rashea, the outer bark, fleshy roots, as turnips, tubers^ 

" potato, and pulpy fruits, aa apyAe, toiv^v* o\ <i^^O^Q\ai* 



tisme. The cellular tissues of plants are of two 
kinds. 

(1.) Meri^m or formative tissue : in which the cells ore 
Citable of dividing; some of them forming new cells, 
while others are being converted into permanent tissue. 
Meristem cells are of small size, with thin walls, and filled 
with protoplasm ; they abound at the apex of the root and 
of the stem, and in the cambium layer. 

(2.) Perinanent tissue, consisting of cells which have lost 
the power of dividing, and have assumed some permanent 
form. Of this there are two varieties : — 

Po/renchymay cells nearly spherical, with thin walls and 
inter-cellular spaces. 

Prosenchynia, cells much longer in one direction thuii 
others, with thick walls, pointed and overlapping ends, and 
no inter-cellular spaces. 

49. During growth, the cell increases in size, and alters 
its form. The wall also thickens and hardens. Thus the 
** stone" of the cherry and plum consists of very regular 
twelve-sided cells, whose walls have been regularly thick- 
ened, until the central space has been almost obliterated ; 
itnd the modified cellular tissue forms a hard wall enclosing 
and protecting the seed. Such cells are called sderenchyma. 

50. This thickening of the cell-wall does not generally 
TOX)ceed so far as in the schlerenchyma, and is often irregular. 
Very commonly small portions of the wall remain thin, and 
appear as dots or pits ; tiie cells are then called dotted or pitted* 
They are very common in wood, and can be readily seen in 
rhubarb when boiled. 

The thickening often takes the form of a spiral or screw-like 
thread, wound round and round on the inside of the cell- wall ; 
such cells are spiral cells. The spirals may be broken by the 
growth outwards of the cell-wall, and the thread may form 
rings or parts of rings ; the cell is then called annular. - 

51. The epidermis is composed of flattened cells, forming 
the extemal boundary. At the edges of the cells there are 
small oval openings, called stomata, guarded by two small 
cells, one on each side. The stomata admit air, and also allow 
of evaporation from the cells of the leaf. The epidermis 
covers all the exposed part of the plant except the stigma. 
On the underground part the epidermis has no stomata, and 
they are wanting also in aquatic plants. On the epidermis 
there are various appendages consisting of cells, single or 
variously combined, such as hairs, prickles, &c. 

52. Woody tissiie is the prosenchymatous structure which 
makes up the great mass of the stems of trees and &h.r^«^\ 
it is found also in the inner barltL, aa^im^iSaa'^^Yaa ^W^«wv* 
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U conaiBta of long spindle-sliaped cells, laid aide by side. These 
cells are long, fine, and tough ; the walls are thickened by 
growths of a matter called hgniae (lignum, wood) on their 
inner Burface. This tissue yields many valuable products, 
such as the varioua timbers, flax, hemp, jute. 

&3. In cone-hearing trees, such as pine, fir, cypress, a variety 
of this tissue ia found, marked with bordered pits. These 




are circular glands or dots, having orifices in the centi«, 
ananced in lines lengthwise along the cells. Woody matter 
contamii^ this kind of tissue is found in coal, showing that 
coal conajsta in part of cone-beajing trees. 
M. Vet»el» are modifications of cells, being formed b7tlia 
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union of several cells, laid end to end, the separating walls 
being partially or completely absorbed. The cells which so 
coalesce are distinguished as vascular cells . Vessels are found 
in aU the higher plants — ^in all, indeed, but the very lowest. 
In most trees and shrubs they form the great mass of the 
stem. The parts of such plants are originally composed of 
cells, but these become changed into vessels in the course of 
growth. Plants which consist partly of vessels may be 
termed vascular plants, 

55. By the coalescence of several spiral cells, a spiral vessel 
or duct is formed. If you gently break the leaf-stalk of a 
strawberry, you will find the spiral fibre, the wall which 
enclosed it being ruptured. A layer of spiral vessels sur- 
rounds the pith of most dicotyledons : it is called the medu- 
lary sheath. In the same way where annular cells unite, we 
have anmdar vessels or dudSy and where these have a hex- 
agonal section, the fibre forms parallel bars, resembling the 
steps of a ladder, and the name scalariform (ladder-like) is 
given to such vessels : they are abundsmt in ferns. 

56. FihrO'Vascular tissue consists of long, thin, cylindrical 
tubes, with spiral and annular ducts, occurring in bundles 
permeating the plant structure. The permanent tissue of 
the fibre -vascular bundles may be divided into two groups, 
a woody part or xylem and a less solid part, hast or phloem. 
The xylem consists of parenchyma, wood fibres, and true 
vessels, all with thickened walls. The phloem contains long 
flexible tubes and fibres called bast, with thin-walled par- 
enchyma. Sometimes the fibro- vascular bundles are closed, 
and cannot increase in thickness : in open bundles, a layer 
of meristem called cambium exists, and by its activity 
develops new xylem on one side and new ijhloem on the 
other, and thus causes the stem to increase in thickness, as 
is the case in woody dicotyledons and conifers. 

57. Irregular branched vessels forming a network are some- 
times met with. These contain a fluid called latex, and are 
called latici/erous vessels. The milky juice seen when dande- 
lion or young lettuce is broken, is latex ; it may be seen alsC 
in the bracts of the common bindweed (wild convolvulus). 
Opium and indian-rubber are valuable products obtained 
from latex. It seems to be conflned to dicotyledons. 
Similar vessels, indeed, occur in monocotyledons, but the 
juice is not milky. The laticiferous vessels are not of uni- 
form thickness, and the sides are not marked. 

58. Ground or fundamental tissue includes all the masses of 
cells filling up the space inside the epidermis after the fibro - 
vascular bundles are formed : it contains various kluda ot 
cells, chiefly parenchymatous. 
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59. The protoplasm being the living part of oella, every 
formation of new cells depends on its activity. The follow- 
ing modes of cell-formation have been observed : — 

1. Division. In growing vegetative organs, new cells are 
formed by the whole mass of protoplasm dividing into two : 
a oell-widl is developed between the two parts, and each 
becomes a separate cell, which grows and divides in its turn. 
In reproductive cells the protoplasm of the parent cell divides 
into four or more rounded masses, each of which becomes 
surrounded by a cell- wall; 

2. Oemrnation, A portion of the protoplasm of a cell forms 
a small protuberance at one end, develops a wall, and forms 
a new cell, which may continue attached to the parent cell, 
or may be detached, and lead a separate existence. 

3. Free cell formation. Portions of the protoplasm of the 
** mother cell " become rounded, separate from the general 
mass and develop cellular walls. 

4. Conjugation. Two or more masses of protoplasm unite, 
become contracted and rounded, and form a single cell. 
This occurs in the re-production of many fungi. 

Questions. 

42. What is the simplest form of a plant? Describe a cell 
of yeast. Of what parts does a vegetable cell consist? What 
is the composition oi the sac ? of the contents ? What are the 
characters of the cell-wall? 

43. What are cellular jilants? Give examples. 

44. When cells are fii-st formed, what is their shape f 
How is this shape modified ? 

46. Name the various forms of cells. 

46. What do you know of the size of vegetable cells? Name 
some verv small ceUs ; some very large ones. 

47. What strange circumstance is observed in the hair of a 
nettle and some other ceUs? What are the chief substances 
contained in cells? 

48. What is cellular tissue? 2 Tame two varieties. 

49. How do cells grow ? How do the walls become thick- 
ened ? What is schlerenchyma ? 

50. Describe dotted cells. Where are they found? Describe 
spiral and annular cells. 

61. What kind of cells is the epidermis of plants composed 
of? What are stomata? 

52. Describe woody tissue. What is the thickening matter 
of wood cells called? Name some "viBeivjl -jhco^mcX,^ Qt^voody 
tigsue. 
o3. TF2ia^ are bordered pit* ? ^W^iere ate \-^ic>f io\ma.^ 
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54. What are vessels 1 vascular tissue? vascular plants? 

55. What is fibro-vascular tissue? In what way is the fibre 
usually arranged ? What is cambium ? xylem ? phloem ? 

56. Describe annular ducts ; scalarilbrm. 

57. What is latex? Where is it found? Describe laticiferous 
vessels. Name some useful products of latex. 

58. What is fundamental tissue ? What does it consist of ® 

59. Name the several modes in which cells multiply, with 
examples. 
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60. The Koot is the part of the plant which grows down- 
wards into the soil, away from the light. It supports the plant 
firmly in the ground, and absorbs those fluids which serve to 
nourish and enlarge it. The root differs from the stem in 
colour, being always either white or earth-coloured — in having 
no pith and no medullary sheath, in producing no leaves or 
buds, and in being furnished with a root-cap. Its size gene* 
rally depends on the size of the plant ; and it keeps pace in 
i ts growth with that of the stem and branches. Hence, in trees 
the roots extend out about as far as the branches, so that the 
rain from the leaves falls on the extremities of the roots, the 
parts fitted to absorb it. 

61. With respect to the duration of their roots, plants are 
divided into annual, biennial, and perennial. An annual 
plant is one which lasts for a single season only, and requires 
to be sown anew every year, such as mignonette. A hi&nnial 
plant lasts for two years ; the first season it produces leaves 
only, the second flowers and fruit, and then perishes, such as 
carrot. A perennial plant lasts for several seasons, producing 
leaves, and usually flowers and fruit, every year, such as all our 
trees and shrubs. Plants with perennial roots may have 
annual stems ; in such cases the stem dies down every year, 
and the next year new leaves and stem spring fix)m the crown 
of the root, as m pink, primrose. 

62. Roots are either axial or adventitious. An axial or true 
root is formed durectly by the lengthening of the radicle ; an 
adventitious root is produced from some other part of the plant, 
usually the stem. Axial roots are possessed by dicotyledona 
alone ; adventitious roots belong to all monocotyledons^ qxl^ 
also to such dicotyledons as do nol ^cw fejiSL vfcfeft.0^sQ^.^sssci. 
cnttingB, huds, &c ^ ^^ 

63. The commonest form oi oxmX xwA. '^ ^^ Vx^^^^-* "^^ 
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called because it tapera downwards. It may be conical, as in 
carrot or young turnip; fusiform or spindle-shaped, as in 
beet ; napiform or globular, as in full-grown turnip. Suc- 
culent roots like these are by many considered to be stems. 
They contain a store of nutriment to supply the plant while 
flowering; hence, when turnips, &c., are aUowed to run to 
seed, the roots become smaller and less succulent. In the oak 
and other large trees the central tap-root is most important 
at first, but afterwards branch roots are sent out laterally, near 
the surface. The branches seem to be given off irregularly, 
but are really arranged according to a pretty regular systeuL 

64. When the branches of the root are nearly equal in size 
and given off at the same part of the axis,,Jhe root is fibrous; 
this is usually the case with plants growing in light sandy 
soils. The branches sometimes swell out and become tvherous, 
as in dahlia; or moniliform (beaded), as in some grasses; or 
annular (ringed), as in ipecacuanha. 

65. Adventitious roots are sometimes given off by an under- 
ground stem, as in potato and fern ; sometimes by a creeping 
stem, as in strawberry and creeping buttercup. In ivy, 
roots are produced from a climbing stem ; but these are only 
for suj^port, the nourishment is supplied by the true roots in the 
ground. In the mangrove the seeds germinate on the parent 
tree, the radicle grows downwards to the soil, where it takes 
root, and the part above ground becomes a stem. In the tree- 
ferns and screw-pine, roots are given off from the lower part of 
an erect stem, and in the banyan tree from the branches. The 
celebrated Nerbudda banvan had 300 large and 3000 small 
stems, and was capable of sheltering 7000 men. The roots of 
the ivy, banyan, and mangrove are aerial, because given off in 
the air. 

The adventitious roots of monocotyledous are tiiheroua, as in 
orchids; or fibrous ^ &s in lilies, onions, grasses. The roots 
of palms are woody. 

66. Parasites are plants which live on other plants (or 
even on animals). The mould of potato and apple, the 
smut of wheat, and certain fungi which grow on living" 
trees, are examples. Dodder grows on clover and flax, and 
renders them diseased ; it takes root flrst in the soil, and 
then sends adventitious roots into the clover or other 
** nurse-plant;" the original root decays, and the plant 
then draws its nourishment entirely from the clover, &c 
Sajjrqphytes are fungi and other plants which live on 

decaying orgamo matters. 
Some roots are aquatic ; in. duckvree^ ^^m\\a^ ^5^DL^ tq^\.% 
£oa6 under the water. In water ranvxncvAws l\ici eoJ^ VX^a 
soil at the bottom • but if cut, t\iepVaivt coTvV,m>^^^V.c% MXm^^ 
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67. Nutritive matter ig taken in from the soil by 
means of the delicate roof-Iiairs {hh Pig. 9) which stand 
out from the surface of the rootlet. It may seem 
otrnnge that soft rootlets are able to penetrate into 
the hard soil. Fig. 9 will enable yon to understand 
the beautiful arrangement by which this i ~ 

" ■ the foi ■ ■ 
brought down f 



a effected. The 

„ .JUfcomtho sap 

1 the leaves. These nnlls are formed, 




F g 9 — A Section of the end of 

not at the very tip of tbe root, but at 0, a little within it ; ia 
called the growing point. Some of the new cells are added on 
to the part of the root above O, and some to the sheath below 
it. The end of the root is thus pushed down ward a distance 
equal to the vertical length of the cells just formed; the cella 
on the outside, at B, are dry and withered, and are partly 
broken off in being pushed down into the ground, but their 
place is supplied by the new oells below 0. Thus the old cells 
are being constantly worn away at the end of the root ; but 
new ones are at the same time formed at O, to supply their 
place; and as thenewcellsmore than equal the old ones, the 
root is pushed onwards through the swl. The sheath of 
flatten^ cells (S) which thus r .veraand protects the growing 
point of the prolonged radicle or of a root-fibre, is called 
the Toot-cap or pileorhiza (pilena a cap, L). The cells of tha 
central jfflrt of the axis and those ol \,\itj QM\*n'\»rs«i ■oswi^l*' 
the growiag point. In trees ani tSirviia ■wwii-'^ Siwi^'* «s^_^ 
veloped between these layers m tke <A4.«t ■pa.'rt* Q^ ■*»* ''^^ * 
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the absozptive power of those parts then ceases, and they serve 
only the purpose of support. The peculiar arrangement here 
described is not found in the growing points at the ends of 
the stem and branches ; no such obstacles are to be over- 
come there, and therefore no similar provision is made. 

Questions. 

60. What are the functions of the root ? In what respects 
does the root differ from the stem ? What correspondence 
is there between the roots of trees and their foliage ? 

61. Explain the terms annual, biennial, perennial, with 
examples. 

62. What plants have axial roots ? Where are adventitious 
roots found '? 

63. Describe and give examples of various forms of tap-root. 

64. What is a fibrous root ? tuberous ? monilif orm ? annu- 
lar ? (Hve examples. 

65. Give examples of roots given off by an underground 
stem ; a creeping stem ; an erect stem ; from branches. 

66. What are parasites P Name some. Give examples of 
aquatic roots. What are Saprophytes ? 

67. What is the root-cajp f Describe how a rootlet growp. 
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68. The Stem is the ascending axis of the plant ; it is de- 
veloped from the plumule, and supports the branches, leaves, 
and flowers. A soft green stem, like that of buttercup or 
bean, which dies down every season, is called herbaceotis; stems 
which contain much woody tissue, and so persist &om year to 
year, are called vx>ody stems. Large plants with such stems are 
called treeSf as oak, beech ; smaller ones shrubs, as broom. Thus 
plants may be classed according to their stems into berbs, 
«hrubs, and trees. 

69. The stems of trees are \isually known by the name of 
trunks; a stem which has no lateral buds, and therefore does 
not bmnch, is called a caudex or stock, as in palm-trees. The 
jointed herbaceous stem of grass is a culm, any other herbaceous 
fitem a caulis, 

70. A herbaceous stem, when cut across, exhibits mainly 
cellular tissue, and hence it is soft and pliable, and unfit to 
resist any great strain. It gives off leaves at intervals. The 
point wk&e a leaf is produced is called a node (knot), and the 
part of the stem between two nodes is an intemode. Stems of 
ibis kind are often hollow, and sometimes furrowed or angular 
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eitemallf. Tlie intemodes are in some cases Hhorteiied, ao 
that the nodes are crowded together, and tbe leaTcs spring in a 
cluster from the top of the loot, aa in dais; and primroBe. 
Sometimes an iutemode is tupprtited altt^ther, in which case 
two nodes coincide, and the leaves are opposite, as in ash ; or 
several nodes may coincide, and give oS the leaves in a whorl, 
as in gooseRTasa (galiam aperine). 

71. A very young stem of a common tree is of nearly the 
Bame character as a herbaceous stem, being composed mostly of 
cells. But these soon become clianged into woody tissue, and 
every year more woody matter is added, so as to harden and 
strengthen it. When the tnink of a tree, such as oak, is cut 
across, it presents the appearance shown in Fig. 10. In tha 
centre is a small cellular mass called the medulla oipitk; on 
the outside is the bark, which may be peeled off; and Between 
tliese there are several rings of woody fibre, crossed by hnes 
radiatina from the pitli to the bark, called medalUtTV rays. 

72. The pith is a mass of pretty large regular cdls, mostly 
twelve-sided. In the young shoot it occupies most of the 
interior^ but in the older trunk it forma but a very small 
portion of the whole. It is at first greenish, but afterwards 
becomes white and dry, and sometimes disappears. It may be 
readily examined in rush and elder. 




Fff. ID,— Section or Oak. 

73. The wood consists of long cells and ;parenohyma, with 

spiral and dotted vessels, in concentric rmgs. Each ring 

marks a year's growth, and we can tell the age of any trunk or 

branch by conuting the rings TChicb it exhibits. ThJaoddL^iiivck, 
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<)!' new matter takes place during the spring and summer; in 
the winter the growtn is arrested ; hence there is a break be- 
tween the rings of two successive years. Each ring is added 
on to the outside of the wood, and trees which grow in this 
way were formerly called Ezogens (^|«, outside ; y^wdu^ I 
grow). The fibro- vascular bundles form a ring, separated 
from each other by the medullary rays. Each bundle con- 
sists of a xylem or woody portion inside, and a phloem or 
bast portion outside, with a layer of cambium between. 
The cambium develops new cellular tissue, forming a xylem 
layer on the outside of the wood, and a phloem layer on 
the inside of the bast, the two layers remaining separated 
by the cambium. It results from this mode of growth that 
the new soft bast is always next the new wood. The inner 
layers of the wood become hard and dense by the formation 
of lignine, and form what is called duramen^ or heart-wood, 
while the newer and softer layers are distinguished as 
alburnum (or sap-wood,) 

74. Some seasons are more favourable to growth than 
others, and in these a thicker ring is formed. There is a 
tendency, also, in the rings to become broader on the south 
side than on the north, and generally on the side most 
exposed to light and heat. Hence the pith is frequently 
not in the centre, but nearer one side. 

lb. The cortex or harJi consists of three parts. The inner 
of these is ha^t, a new layer of which is added every year^ 
In flax and hemp, bast yields vsduable materials for oozd 
and cloth : the bast used by gardeners is the inner cortex of 
the lime tree. The middle layer consists wholly of oells, 
containing chlorophyll ; the outer layer of cork cells. In 
some trees this layer attains considerable thickness, and is 
stripped off for commercial purposes. The cortex is 
frequently split by the pressure from the growth of the 
tissues beneath ; the crevices thus formed are partly filled 
up by new bast, partly covered over by the cork tissue. 
The outer portions are often split and thrown off as bark 
proper. 

76. The medullary rays are vertical plates of muriform 

tissue extending from the outer cellular layers of the cortex 

to the pith, and dividing the wood into wedge shaped 

masses ; they constitute stores of starch and other nutriment 

for winter use. They are very distinct in clematis, and in 

oak they form the *' silver grain," so well known to painters. 

77, In the stem oi a cane or a palm. ^"Big. \V^ \2[i<^ ^\.x>\<^ture is 

entirely different from that just descTi\)ed. T\iet^\& ^V^^c^ 

outer layer and a soft interior, wltli fi\iro-\aacw\ax\svi3^5i\RA 
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Eassing through it, apparently in an irregular manner. These 
iindles are connectea witli. the leaves in a peculiar way. 
From the leaf to which it belonge each bundle passea in 
towards the centre, then bends and gradually approaches the 
outer rim at ita own side of the stem, and there unites with 
other bundles to harden and thicken the external layer, ( 
12). The consequence is, that the new bimdlca c' 
formed inside the older; and hence plants 
whieh grow in this way were called 
EndOgenB {ivihs, inside). The name was 
first given from a miEtakon notion of their 
mode of growth and iH now discarded. 
AH plants with exogenous stems are 
dicotyledons alt those with endogenous 



tl layer, (Fig. 
a of wood aw 




stems are monocotyledons. In grosses the 

Abres pass across the stem at each node, 

forming knots which divide the hollow 

stem into separate chambers. Endogenous 

trees are confined to the warmest regions 

of the earth. The age of an endogenous 

tree may bo found by counting the numl>er J^ i^ 

of annual no.lr's. 

78. It is jil^in that endogenous sterna must remain very 
nearly of the same thiclrness from top to bottom, and do not 
increase in diameter; while every ■jeafa ^ww'Cn. ^itVa'Cto.'va 
tJie height and thickness of exogeiaowB !Xemft,Vtii.<^'Ca.«w5jaT». 
M;>er towards the summit. Tke amouiivl. oi loXva.^^ y ™*^^^««». 



ia alas constant, or nearly m>, ttom year to year ; wlieteas ia 

exogens it increaseB every year. Since a. greater mass has to be 
BuiTounded wili a Jayer of wood each year, a greater qunntity 
of lolia^e in required to di^st tliB unp. 

79. In Oryptogamic Pl&nts, distinct roots sod stems 
are met with only in tho highest group, Vaaoular Crypto- 
gMua, comprising Ferns, Clubmosses, and Horsetaila. The 
tree ferna of New Zealand and other moist <dimates, hava a 
tall erect trunk-like stem, often 1 5 or 20 feet in height, with 
a croivn of large leavoB at the top. Such a stem is enoloaeil 
in a firm strong brownish epidermis ; the outside is marked 
with irregular lozenge shaped scars, indicating the position of 
former leafstalks. Wlicn cut across, the BL-ction presenU tho 
appearance shown in fig 13. 




— Surface and S ctioa of Tceo-Fern. 
The central pait la oooupied by white ground tissue 
of pareti{.h) ma, consisting of nucleated many-sided cells 
containing starch and clilorophyl] . An irregular band 
of brown schlerenohjuift, with very thick walls, forms 
a ring near the circumference , outside of this is of cel- 
lular tissue, thick dialled and brownish, and containing 
little or no starch The cellular tissue is traTsrsed by 
various £bro-vaacu1ar bundles, containing thick-trallea 
tuboa, five or B I sided, with scalariform markings, and 
some smaller spiral ducts Each vascular bun<Ue ori- 
ginally belonged to a separate leaf-atalk. Bometimos the 
central tissue disappears, and the stem becomes hollow. In 
the underground atem of our common ferns, the struoturo 
ia substantially the same, growth taking place at one end, 
decay at the other, leaves and roots are given oEEonlyot 
the growing end In the bracken iem (jpltTis aqo,i.l.viuv~i VVh 
bmnai of eobJeTenchjjaft, when cut ttnoMgV.ta-i*! a le^wia,- 
Alanee to a spread eagle, whence ita naoic. Btea.»oi V>.'to» 
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and fern-like plants occur abundantly in coal. Clubmosses 
have distinct brancliing stems, thickly clothed with leaves, 
creeping over the ground, and rooting freely. Horsetails 
have underground creeping stems giving off erect hollow 

1'ointed and furrowed hen)aceous stems, with whorls of 
eaves at the nodes. 

80. Stems vary greatly in size ; some are not thicker than a 
thread, whereas the tnmks of some trees reach enormous di- 
mensions. Thus the baobab of Senegal, a dicotyledon, 
measures 78 feet in circumference, and is supposed to be 5000 
years old ! The dragon tree of Teneriffe, a monocotyledon, 
was found by Humboldt to be 45 feet in circumference. ; 
Both these trees were hollowed out, the former for a burial' : 
place, the latter for a chapel. The dragon tree was blown ) 
down in 1868. The Wellinfftonia gigantea, a Calif omian 
tree belonging to the Coniferae, sometimes attains a height 

of 450 feet, with a circumference of 90 feet. The larch is 
often 100 feet high. 

81. Various terms are used to denote the position and dura- 
tion of stems. Thus stems which grow straight up from the 
ground are said to be erect, as in most trees ; a creeping stem, 
runner, oi flagellum, lies on the ground, and gives off adventi- 
tious roots as well as leaves at its nodes, as strawberry and 
creeping buttercup). A procmribent stem lies on the ground, 
except at the growing extremity, where it rises vertically, as in 
veronica. A climbing stem rises b^ clinging to some support, 
by means of adventitious roots, as ivy ; or by tendrils, as pea 
and vine ; or by its leaflets, as in clematis. A twining stem coils 
itself in a spiral manner round a support ; sometimes &om left 
to ri^ht, as hop ; sometimes from nght to left, as bindweed ; 
but the same plant always twines in uie same direction. 

82. Stems sometimes take on the appearance of roots, and 
are mistaken for them. The rhizome or root-eiock is a thick 
underground stem which crows at one end and decays at the 
other, producing roots ana leaves at each node. 

83. A IvXb consists of a small solid stem with undeveloped 
nodes, and fleshv leaves or scales surrounding it. In the bulb 
of the onion ana hyacinth the scales quite surround the stem, 
and each one encloses those inside it like a coat or tunic, hence 
the bulb is called tuniccUed (Fk^. 14). But in ike lily, thei 
scales onlv partially suiround tne bulb, which is therefore 
called imoncated (imher, a roof tile). A eorm dosely re- 
sembles a bulb in appearance. It is the very short thickened 
base of the erect stem ol some 'hsrV^ai&^ovsA \\vc^« ^n»s^^ 
crocus and meadow-saffron, at© ex&ixr^<Q& v^^* ^^* ^"^i^ 

bulbs and corma occur very Taxely m oMioVsV^o^^'^^* 



84. A tab«r ia a swelling on an underground stem forming 
'r of nutriment to Biutaiu the plant during the 
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winter. Potatoes are tubers, and the "eyes" are huds, from 
which branches and leayefi and adventitiona roots are prodnced. 
The tnbei contains starch, which nuurishes the phat nnlil the 
leaTes «ad roots can perform their fnnctions. 

65. The principal uae of the stem to man is to snpply timber 
tat fiunitiwe, bnUdings, ehips, fael, Ac Those stems which 
aie slow of growth geneiall j furnish the most duiahle timber ; 
while trees of rapid growth, espoplar and willow, are almort 
TalneleM fm most purposes. SSiai^enoiis stems are of little 
■tatr as thej have no compact wood; they are sometimes 

Ant l&«/utA of the sago palm; gutte^rcba, wttt,raA\aiKQ. 
m iftberpivductB of atenu. 
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Questions. 

68. Distinguish between herbaceous and woody stems ; trees, 
fihrubs, and herbs ; annual, biennial, and perennial stems. 

69. What is a trunk? a caudexl a culm? a caulisi 

70. What is a node? an intemodel How do leaves become 
opposite and whorled? 

71. Describe a section of an ordinary tree. 

72. What is pith composed of? 

73. Describe the mode of growth of a dicotyledonous 
tree. What is cambium ? 

74. Why is the pith sometimes nearer one side of the stomt 

75. Name the three layers of the bark. Mention some pro- 
duct of the inner layer ; of the outer. 

76. What is the office of the medullary rays? 

77. Describe the stem of a palm. Meaning of endogen? 
What sort of seeds have endogens? 

78. What difference is there in the shape of exogenous and 
endogenous stems? Explain this. How would vou determine 
the age of aii exogenous tree? of an endogenous? 

79. What cryptogamic plants possess stems ? Describe 
the structure of the stem of a tree fern, 

80. Give examples of very large stems. 

81. Explain the terms erect, creeping, proemnhent, climbing, 
and tvjinvng, as applied to stems ; and give examples. 

82. What is a rhizome? Give examples. 

83. What is a bulb? two kinds? a conn? Give examples. 
To what plants do bulbs and corms usually belong P 

84. What is a tuber? What are the " eyes" ol potatoes? 

85. Name the chief uses of stems to man? 
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86. If you examine the sunmiit of a young ash shoot in 
winter or early spring, you will find three black, leathery-look- 
ing masses, one at the very extremity, and one at eacR side. 
These are leaf-buds; the one at the end is tmmwnal, those at the 
sides are lateral or aaiUary buds (Fig. 16). A leaf-bud con- 
tains a central axis with very short intemodes, and a number 
of young leaves clustered together ; these are enclosed in a case 
of tough scales, which protect them against frost, and fall off 
when the bud opens. From buds like these all the leaves and 
branches of plants are developed. 

67. Most plants produce \)0^ tearmaMiJL «xA ^J^ssbt^ ^"S^^o, 
the terminal bud prolongs the ccattal «sass^Safc«K^«s^ ^gca«a5as» 
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branches. In palms and most monocotyledons terminal 
bads alone are produced ; hence such plants do not branch. 

When the spring comes growth begins : the scales are pushed 
open, the intemodes become developed^ the leaves unfold, and 
the bad becomes a branch. Sometimes branches are arrestee 
in their growth, and become spines or thorns, as in hawthon) 
and sloe. 

68. The manner in which the parts of a leaf-bud are folded 
is called the vemation of the plant (ver, spring). The same 
plant has always the buds folded in the same way, so that the 
vemation occasionally becomes useful as a means of distingaiah- 
ing plants otherwise resembling each other. The vernation is 
termed obvohUe, when two leaves are folded so that one-half of 
each is enclosed between the two halves of the other ; vahate, 
wiien the various leaves of the bud are so arranged round 
the axis as to touch each other by their margins; equitatUf 
when the leaves are opposite and folded inwards, so that each 
just covers the margin of the next inner leaf ; spiral, when one 
margin of each leaf overlaps one margin of the next. Figs. 17, 
18, 19 show a few of these. 





^g- 17.— Vernation of Sage. 





Fig. 18.— IrU. 



Fig. 16. 
Tad of Ash. 



Fig. 19.— Lilac 



A single leaf is said to be revoluU when each half is rolled 
back towards the midrib; involute, when each half is rolled 
forward towards the midrib ; convolute, when one margin is 
rolled inwards, quite across, so that the whole leaf forms one 
roll ; eirdnate, when the tip of the leaf is rolled downwards 
towards the base, as in ferns. 

These torms may be easily illustrated by cutting pieces of 
jwperm tbe^fonn of leaves, and folding \.\ieai m \!ftfc N^sloTxa 
iww» There are many other modea oi venia^oTi,\s\sX.Ttf>N.^"l 
samdant importance to be dwelt on. 
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89. Leaee* are appendages of the stem, and cousiat of green 
expansions of cellumr matter eapported bj ribs of TascnUr 
tjsaae. The arrangement of leaves on the stem is called ph^Uo- 
laxU, and is very regular. In a atalk of graaa or wheat, let the 
lowest leaf he called 1, the next 2, and so on. Let a thread be 
tied to leaf 1, end diawn round the inaertion of each of the 
other leaves, 2, 3, 4, &c. It will form a spiral, and on reaching 
3, will have passed ronnd the stem once, at 5 twice, &c, and in 
each turn it will pa»a two leaves. Now this is denoted briefij 
bj the fraction J : where the nnmeretor, 1, indicates that in one 
tumroiuid the stem we come to a leaf directly above that from 
which we started ; and the denonunator, 2, that two leaves are 
passed in each turn. In alder (Fig. 20), the string will come 
after a tingle turn to a leaf, 4, directly above the fir?t, after 
passing three leaves ; and this arrangement is denoted by 
the fraction ^. In peach (Fig. 21), tvxi turns must be made 
before coming to a leaf in the same vertical line, and,^IeaveB 
passed ; the arrangement is denoted by ^. The principal 
arrangements are represented by the following fractions : — 

} i I i! A .«, if li. 




Fig 20. Flc- n. Vig. SI— D«sd-lIetU«. 

In this series each fraction ia foniW:& \y3 «i^^c^ Vf^fiasst.'d&ik 
terms of the two preceding, Ttft wujie wsm^Vet^iwii:*;;™*^** 
are very rare. In the dead-nettle (yi%. ^'i^ "Ci* ^sw** ^ 



o|^ute, EUid each pair is placed at right angles to the next 
pair sbore and below. Thu airangemeDt b o^potite dtouuaU. 
90. Leavee are genemliy united to the atem br ajMftob ot 
Uaf-ttalk, tixiA. oie then called peUolttt. When uie petiole is 
vmting, they are titiU. The acute ancle fonned by tie leaf 



a the petiole with the Btem is called the casU. The flat pi^ 
jf the leaf is the lomina or hlad«, the edge is the maroin, '"^ ' 
end neoKet the Btem the hate, the point farthest &om the m 



the apex. Leaves assume a Kreat man^ forma, and for each 
Tarietj a special term is employed, which must be known iu 
order to describe plants or undeishuid deacriptiona of them. 

91. The mai^in is said to be entin when it forms an un- 
broken line ; dentate, when toothed ; >erraU, when notched 
like a saw ; runcinale, when the notcheii are very large and 
irregular ; and ertnatt, when the edges of the processes are 
rounded. 

The apex is aeuninatt when projected sharply outwards ; 
tmarginaU, when notched ; cbttue, Wben blunt or rounded. 

92. Leaves are either simple 01 compound : nm^b, when the 
blade forms but one piece, or is only partially divided ; com- 
pound, when the blade is divided into several parts quite to the 
midrib. The parta of a compound leaf are called UaJUU. 

93. Simple leaves are fonned on seveial ^fV^ which may 
be understood by a reference to the diagram ^Elg. 23), "When 
base and margin are of similar shape, we nave the various 
forms shown at a : acicatar, as in fir ; linear, as in grass ; oval. 




f^ai.-(t}?lnataKIJoS. WenMMiSA\JsA. 
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as is cheny ; lAiong, as in laurd ; rotandatt, as in mallow'; 
orbUuloT, as in Indian cress. When the apex is nanoiTBt tluii 
tha base, we have tubulaU, as in yew ; lanuolatt, as in. wall- 
flower ; omtt, as in mint ; wrdate, as in lilac j rmifarm, ai in 
gronnd ivy (b). 

When me base is the narrowest part, we have (AiatwaAUe, 
BpatalaU, i/>ovaU,obcm-date (c). The only remaining forms are the 
sagUtaU, or arrow-shaped, and the hastate, or spear-shaped (p). 

When simple leaves are divided, they are either jnimatifid, 
divided lite a feather, or palmatifA, shaped like on open hfuid, 
as in castor-oil plant (Fig. 23). They are bilobate, trilobate, 
&o., according as they contain two, three, &o., lobes (Pig. 
24). In the onion, the leaves are round and hollow. 

94. Compound leaves are of two types — thep*nii4i(«,in which 
the leaflets are arranged like the psjls of a feather, as in rose, 
pea ; and the palmaU, in which the leaflets diverge &om the end 
of the leaf-stalk, like the outstretched fingers from the palm, n* 
in horse- Chestnut, shamrock, hemp. The pinnate leaf 




Fig, M.-L«ir or Cintor^U PlanL 



sometimes terminates in a sinsle leaflet, somettmea in a pair; 
ezampleB of both maf be found on any uh trat. €i(sro^EfB«k 
the leaSeta aie themselves pimxato'. \\ift\BaiTft'flQssi.\«ip.™w>*\ 
as in some ferns, hemlock ; and Bome 'g\Kia.\& ata (ssiaQ.VTiip.-ww**> 



m paralej. The palmate foim is sometiineg lemale, cDnsislJiig 
of thtee leaflets, as in sbamrock ; Bometimea it baa five 
leaflets, as in hemp ; eometimeB seven, as in hone-cheatnitt 

95. Though a 1^ appears veiy thiii, tiie microscope shows 
that it consists of several layen of cells, with spaces between. 
The upper cells heneath the epidermis aie i^utii in form and 




Fig. ». -Leaf of 

packed close together, with the ends to the suriace ; the lower 
•re more loose, with their sides to the surface, and the interior 
«sUs are still more loosely packed (Fig. SS). In the epidennis 
4^ the lower snr&ce there are nnmeKiiia awmnia, ci^Tia%\ii.Vft 
the air fipaces in the inienoE ot tiie IcaS (?ig- ^1- 




96. The peticU 

or lea/staOtconiiita 
of bimdles of woody 
tiaaue and Bpim 
vessels enclosed ia 
mrenchyma. Its 
base sometimes 
poitlf embraces the 
stem in a vagina OT 
sheath. The mid- 
rib is the continua- 
tion of the petiole 
throi^h the leaf, 
and the ribs orveins 
are its bianchea. 
The mode of ar- 
rangement of the 
veins in a leaf is called the 
venation, ta the bean and 
other dieotyledoiis, the 
veins branch and form a 
network or retioulation. In 
graMes and other monoeo- 
tyledona the veins are un- 
branohed and parallel. 
They either run along the 
leaf from end to end paral- 
lel to the midrib, as in 
grasses ; or from midrib to 
tnargin, parallel to each 
other. lu fams, &o., the 
veiuM fork, and the vena- 
tion ia/urcate. 



Fig. ST.— Laaf of Boat 
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97. Stipules are leaf-like structures found at the base of tlie 
petiole in some plants. They are two in number, and vary 
greatly in size and appearance. They are very large in the pea, 
and ore found also in clover, hawthorn, and many otiier 
dicotyledons, not in monocotyledons. In the g^ooseberry 
they become thorns. Leaves with stipules are atipiUate, those 
without them exatipidate. In the willow the stipules are 
free or cauHnary^ being united to the stem only ; in the rose 
they adhere to the petiole, and are adnate (Fig. 27) ; in 
the pea they are united together, and are connate (Fig. 26). 

98. The petiole of the pea terminates in a twisted cord, by 
which the plant supports itself on a rod or other prop : this ip a 
tendril. Tendrils are sometimes developed from leaf -lobes, 
as in smilax ; and sometimes from branches, as in the vine. 

99. A bract is a leaf from whose axil a flower springs. Bracts 
are usually smaller than common leaves, often mere acalesy and 
sometimes wanting altogether. In compound flowers, as daisy, 
the flower-head is often surrounded by one or more rings of 
bracts, called the involucre : this is sometimes mistakenfor a 
calyx. The cuptde of an acorn is composed of hardened 
aggregated bracts (Fig. 55). A apathe is a large braot en- 
closing an axis of inflorescence, as in arum, palma, onion. 

100. In some cases true leaves are absent altc^ether, and the 
petiole expands so as to supply their place, ouch expanded 
petioles are vertical, not horizontal — that is, they have not on 
upper and an under side, but a right and a left. Th^ aie 
called phyllodes, and are found on many Australian plants. 

101. Chirious structures called pitchers are developed from 
the petioles or leaves of some plants (Fig. 30). Their use 
seems to be to imprison insects, which are decomposed by a 
fluid secreted in the pitcher, and then absorbed as food. In 
y enus's Fly-trap a part of the leaf closes in on any insect which 
touches one of the three bristles on the surface, holds it &8t^ 
and kills it by a secreted fluid ; the plant then draws its 
nourishment uom. it. Our own round-leaved sundew has 
leaves which act in a similar way. 

102. Functions of Leaves. Leaves are orisans of nutrition 
and respiration. The gaseous constituents of plant food are 
taken in by the leaves as carbonic acid, ammonia, and per- 
haps aqueous vapour. The chief substance obtained from the 
atmosphere is the carbon of the carbonic acid. Animals in 
breatmng take in oxygen, which unites with the waste pro- 
ducts of their bodies, forming carbonic acid. If no plants 

ezzsteiL the atmosphere would soon b^coTa^ \Q8j3A,d N<ritii this 

carbonic acid, which could not support Q.TmIl«i^&, «EkdL ^qksJA^ 

indeed, act as a poison, so that aU animaV \ilft v?w^^\«v ^^, 



tingnished. But plonta take in the carbonic acid, and hj 
meana of the chlorophjll graios Bcattei«d throngh the celLi in 
their learee decompose it, ^)piopriate the carbon to build up 
new cells, and give ont the 0£3'gea ; thus restoring the purity 
of tJie atmoepheie. The oxygen is again breamed oj animali, 
and a^ia. bnngs aw^ a chu^ of carbon for the use of the 
plant. Of coune a-niitiAlii obtain their carbon fcom the plants 
which they conanme aa food. 

103. The action of plants on air ma; be shown by a nmple 
experiment. Place some fresh green leaves in a bottle fiUed 
with sprii^ water, and inverted over a jar oi plate also contain- 
ii^ water ; ei^Mse them for aomo hours to strong sunli^t. 
Bubbles of gas will come off and collect in the upper part of 
tha veatel ; and the gas can be shown to be oxygen oy nllght- 




inga 
wnicfa 



Fig. »1.—Sipaitlia itAuyiHi 



a a led-bot match. The firing water contains, carbonic add, 
Eich the leaves in snnli^t dectonpose, tetMniiig aefitOTtg the 
carbon, while they give off the oxygen. The carbon coat- 
bines with the water of the aap to form slansh and other 
carbo-hydrates ; this process being termed auiniiaiion. 

104, The water absorbed by the root oontaint salts of 
nitrogen, sulphur, iron, phosphorus, potassinni, Ac., ob- 
tained from the sc^. l^ese become 'pe.Tt ol'iK^ ^^..Vt&^l 
paaaea tiom cell to cell thtOMtttio ■tecn.wAXfWiwSo**'^ 
the learet, where n it exposed to tbe atttDS^Joatft, »»i.tB»*»- 



44 BOTAinr. 

of its water evaporated. Besides being thickened and ren- 
dered less bulky, the crude sap there undei^goes chemical 
changes, resulting in the formation of starch and other 
carbo-hydrates. These compounds are borne away to 
other parts of the plant, and undergo new chemical changes, 
by which they are transformed into oily or fatty matters, 
sugar, gum, cellulose, dextrine, &c. These changes are 
effected by the process called meUuiasitiy which g^oes on in 
all living plant cells, whether in light or not. For example, 
the insoluble starch formed in the leaves of the potato by 
assimilation is changed by metastasis into soluble glucose ; 
this is distributed from cell to cell through the conducting 
tissues ; part of it is again transformed into starch in the 
cells of the tubers, and stored up there as a reserve; By the 
addition of nitrogen the starch forms nitrogenous com- 
pounds, or albuminoids, which nourish the x^^toplasm, and 
promote growth. The excess of assimilated matter not 
required for growth, is stored away in tubers, roots, seeds, 
bulbs, or medullary rays. 

105. In these changes oxygen is taken from the atmo- 
sphere, and carbonic acid given off; so that j>lants rempire 
just as animals do. During the day the carbonic acid given 
off is at once decomposed and the carbon again assimilated ; 
so that the process of respiration is quite concealed by the 
results of assimilation. When the leaves have performed 
their functions, the chlorophyll grains are also dissolved 
and carried into the permanent organs ; and the leaves fall 
(in dicotyledons) or wither away (in monocotyledons). 

Questions. 

86. Describe a leaf-bud. Two kinds. Which kind is 
wanting in MONOCOTYLEDONS^? 

87. Describe the development of a leaf-bud. 

88. What is vernation ? Name various ways in which the 
young leaves are arraziged in buds. Name the modes in 
which single leaves are folded. 

89. What is phyllotaxis ? Describe the various kinds. 

90. What are sessile leaves ? Point out the parts of a leaf. 

91. Give the terms used to describe the margin and apex. 

92. What is a simple leaf ? a compound ? 

93. Name various kinds of simple leaves, with examples. 

94. What are the two types of compound leaves ? 

95. Describe the section of a leaf. 

Pd What IB the petiole compo&ed oi^ "^^^1 «x^ the 
bnncbes of tte petiole? Whatita^«Q»i^oTi^ T^^Acsn^c^Vi&sti 
renation of a poplar, a grass, a iem. 
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4o 



97. What ore stipules ? Name some stipulate plants. 

98. What are tendrils ? their use ? 

99. What is a bract ? an inyolucre ? a cupule ? a spathe ? 

100. What is a phyllode ? 

101. Describe some fly-catching modiflcations of leaves. 

102. What effects do animals produce on the air ? vegetables ? 

103. Describe an experiment (and perform it) to ulow that 
plants give off oxygen in sunlight. What is assimilation ? 

104. What is metastasis ? How does the starch get into 
the potato tuber ? 

105. Describe the respiration of plants. 



CHAPTER VIT.— THE FLOWER. 

106. The term inflorescence is used to denote the mode in 
which flowers are arranged on plants. Flowers always terminate 
certain axes or branches. The branch which supports a flower 
or a collection of flowers is 
called a peduricle, and when it 
divides each branch is a.pediceL 
Flowers which have no ped- 
uncle or pedicel are sessile. 
In the cowslip and tulip the 
flower-stalk springs directly 
from the root, and is called a 
scape. When a single flower is 
borne on the peduncle or scape, 
it is said to be solitary, 

107. An inflorescence is defi- 
nite when the central axis ter- 
minates in a flower^ and is thus 
limited in its upward growth ; 
it is also called cerUrifiigal, be- 
cause the central flower opens 
first, and those on the branches 
afterwards. This kind of in- 
florescence is exemplified in 
the pink, buttercup, &c. The 
inflorescence is inaejfinite when 
the central axis gives off flowers 
and continues to grow ; and as 
the flowers furthest from the 
centre — that is, from the end of 
the axis — open earliest, it is 
called alao centripetaL WaU- 

flower, cuimDt, foxglove, fnr- 
nlsh examplcB. ^.^ ^V-C^^^ ^^^^^ ^v^o*^-^^'^ 




108. The definite infloTeseeuce is called a eym«(Kv/ia, a wave). 
In one kind of cyme tlie central axis terminatea in a flower, 
and givcB off two bi'aiiches ; each of these terminates in a 
flower, and ^ves oS two branches ; and this procen nuj be 
repeated agam and again. Stitchwort and duckweed are 
examples. In forget-me-not we find another fonn of the cjuk. 
Here only one branch is given off at each place, and the in- 
florescence takes the form shown in Fi?. 31. This kind of 
cyme is called icorpaid, the other varietv- aichototnov*. 

AghmemU is a cyme with sessile nowers collected into a 
iDunded bead or short spike, as in box, clover, &c. 

109. The indefinite infloreacences are very munerons. The 
following are the principal varieties: — 

(a) A raeeme (ra^tmwi, a bnnch of grapes) is a floiming 
branch which gives oS flowers below, and continues to gnw 
and develop flower-bnds above indefinitely, as in caraant and 
wall-flower (Pig. 32). 




Fit. SL— Rw»m« or Ciumit. 

(i) A jpite ia a raceme with sessile flowers, as in orchis, 

wheat (Fig. 33). A tpadix is a enccxiicA^ W^ eadoMd. in a 

^atbe^ aa in arum, A cone ia e. &enw v^^ VtiCo. -vwi^ 

laUe^ aaiuGi. 



INFLORESCXNOE. 47 

(p) A eorymi is a Taccme with the lower pedicels longer than 
tbe upper, SO that all the flowen ore hronght nearly to the 
Huae level, as in cheny, blackberry ^ig. 34). 

(d) A.j>amcU is a componnd lacema 
with irregular blanches, as in oata, 
horse-chestnut. 

(<t An umbel consists of a niuuber 
of flowers borne on pedioels of equal 
length, springing from the top of the 
peduncle, as in ivy. A compound 
umbel is formed wben each pedicel 
bears a secondaiy umbel, as in carrot. 

(/) A eapitiibtm at flwxr-luai is an. 
umbel witn sessile flowers arranged 
on the fleshy head of the peduncle or 
scape, and sunonnded by an iavolucre, 
as oail^, dandelion, dahlia (Fig. 63). 

(^) A eatHn ot amtntwa is a 
deciduouB spike bearing imperfect 



Big. "M.— Spike of Wbat 




'Coirmb ot ChtiTT. 



flowers, as in oak, hazel, willow. 
developed before the leayes of the tree 
36, 36}. 
110. Tbe Flower has been 4e6iiei « ' 



apparatus by meana of which fecimdation is effected," The 
young flower ia enclosed, in a flowei-bud, verr Himilur ia ap- 
pearance to the leaf-bnd, and the parts of the flower are folded 
lomewhat alter the same fashion. The bnds ore sometimea 
formed during the snnuner, and remain unopened till next 
flpring. Such huds are enclosed in scales and ^lled toaiu, as in 
ash, sycamore ; the? contain hoth flowers and leaves. Othei^ 
which do not last through the winter, are naked. 




Fig. as. Fig. ss. 

ta CalUn of Willoir. FiBtillaU Ciilklii oTWIUov. 

The arrangement of the parts in the flower-bnd, apecially of 
the corolla, is called tEativotton {catut, summer). The teabn- 
tioD IB valmUt, when the edges of the sepals and of the petals 
are Bimplr in contact, as in harebell ; Mn&rfcoto, when U^y 
OverUp like Uie tilea on a house, as in huttercap ; contvrUdot 
twisted, OS in periwinkle ; and plieaU, when regularly folded, 
SB in convolTuIuB. 

111. A eompUU flower oonsiatB of four whorls of modified 
leaves ; the two outer whorls, calyx and corolla, being called 
Jimal timtUtpa, and the two inner, atamena and carpels, 
atential fioral orgam. When one or more of these whorls are 
absent, the flower ia iTwrnipUte, and the partB which are want- 
ing are said to be tupprested. If both calyx and corolla an 
present, the flower is dicKlam»id*aw t_x.Xa|j.vi, «. <\Q«k\ \ iteither 
of tbem ie absent, monocWamijdeom ■. Vl ^m'ii »» v^mrxa^ 
oMamgdeout or noAerf. 



COROLLA. 4JI 

112. A flower is regular when all the parts of each whorl are 
alike in size and form ; when the parts vary either in size or 
shape, it is irregular. The terms have reference chiefly to the 
corolla. The buttercup is a regular flower, the pea an irregular 
one. 

113. The calyx is the outer whorl of the flower : it consists 
of a number of leaves called sepals. When these are not con- 
nected together, the calyx is polysepalous ; but very often they 
are united, so as to form a cup ; the calyx is then gamosepalovu 
(ya/xos, union). This is an example of coJiesion — that is, the 
union of parts belonging to the same whorL The number of 
sepals can be made out by notches at the top of the calyx. 
The sepals are generally green, but in fuchsia nie calyx is red, 
in larkspur, blue. Sometimes the sepals assume the form of 
petals, as in anemone, lily, and tulip. In the Indian cress thej 
are spurred, and in the dandelion they become downy hair 
(pappiLs). 

114. The corolla or blossom is the second whorl of floral 
leaves. On account of its graceful form, varied perfume, and 
brilliant colouring, it is often regarded as the most important 
part of the flower, though it is in reality not an essential part at 
all. It consists of a number of coloured leaves called petals^ 
which are alternate in position with the sepals. When the 
petals are separate, the corolla is polypetdUms; when united, 
gamopetaUnis, When the sepals and petals are alike in colour, 
they form the perianth, and the parts are called leaves : this 
condition occurs mostly in monocotyledons. 

115. When the petals are distinct, the corolla may be regular 
or irregular. Of regular corollas we have three TOincipal 
varieties — ^the cruciform or cruciatef as in wall-flower frig. (?7V, 
having four petals arranged in a cross and provided witk 
claws ; caryophyUaceous, as in the pink, having five petals 
with long claws (Fig. 59) ; and the rosaceous, having five petals 
without claws. 

Of irregular corollas the principal form is that called papi- 
lumaceous (butterfly-like), as in the pea (Fig. 60), consisting of 
five petals arranged as in Fig. 61. The large petal above is 
called Uie standard, those at the sides the wings, and the twe 
lower ones united form the keel. 

116. In ^amapetdUms corollas we have the following regular 
forms, which will be best understood and remembered by 
actual examination of the flowers named as examples. 

Rotate (wheel-shaped), as in speedwell ; campanula^ 
(bell-shaped), as in harebell ; \ujHwvA'ttyv».\ivj«rusi v^sckb^^ 
shaped), as in bindweed; h/ypocraimjwia V^ic^«t-^^«^^|^ 
aa m pTimrose ; urceolate (uxii-ma^^^, wb YDL>aR«Siv\ \!w^»»» 

X* 




the yellow florcU of the duay (Figs. 37, 

Iiregolar coioUu 

may be labiate, with 

two lips opposed to 

each other, open, as 

■ gronnd-ivy ^ig. 

" rtoruUe (ptr- 

mAsk), the 

mne with the lipa 

closed, as in Ensp- 

drogoa (Fi^. 41) ; 

ringent (rvngor, I 

grin), the same with 

Dps gaping wide, ta 

in dead-nettle ; caJr 

ceoUUe (Blippei-Bhaped), as in 

calcaoliuia ; or ligvlaU (utrnp- 

iibaped}, as in dandelioD, 

white florets of daiST (Fig. 

C6). 

117. The calyx and corolla 
are called per«i»ten(when they 
remain oa the Sower till they 
wither, oi till the formation 
of the fruit ; deeidiunu, when 
they fell off early. The use 
of the calvx is simply to 
enclose and protect the othei 
parts ; the corolla concentrates 
the light and heat of the nin 
on the internal organs, and, 
hy its bright coloors, its j>eT- 

ng.a(l,-CoroIl«orWnawee<L ^"f\ ^^ it* seMetiOM, 

attracts maect», which cury 

pollen from one flower to another, and thus assist in fertiliaa- 

tion. At the base of a petal of a hattercnp (Fig. 1) there is 

a small chamber formed by a fold in the petal : this is the 

nectary, from which the bee extracts the sweet juices. 

118. We now come to the most important parts of the flower 

I — the stamens and piatiL If both atameoe and pistil are found 

in the same flower, it is colled perfistt or monocHnont (kXxv^, 

a conch) ; if either be absent, it ia imver/eet or diclinottt, being 

ilaminaU if it has stamens only, putiflatc if it hae a pistil only. 

Ji Sgain, atamisate and pistiUate flowen ^ic ou \!b« wsae, -^^ 

J* it OMUKimt (ottos, a houac), a» iu ^i6»ftV 1 \«v^ ^ 



doven onij tK borne on ooe plAot, pistillate ob wother, the 
plant is diwioiu, m in willow. 




ng. 40._Blb.bUtA Canlb. 

119. Tbe ttOBimt are collectiTely colled the < 
The; are usually alternate with the petals, and therefore oppo- 
site to the sepals, and are Keneially ec^ual in nnmhet to the 
petale, or some multiple of that rnunher. When their nnmhet 
exceeds twenty, they are numerous or indejiaiU ( °o ) ; when leM 
than twenty, definite. 

ISO. A stamen consista of two parts — a small double bag, 
called the anther, and a slender column supporting it, called tha 
filammU. The filament represente the leaf -stalk, and the anther, 
with ita two lobea, represents the blade of a leaf with its two 
sides. When the filament is absent the anther is tunU, as in 
fir. 

121. When the anther ie joined at the back alons its whole 
lei^th to the lllament, it is called adnate, as in Duttercap; 
when attached to the top of the filament by its base only, it is 
imiaU, as in iris (Fi^. 42) ; when attached at the middle to the 
top of the filament, rt is wriutiie— that is, easily moved, as in 
grasses ^%. 43). 

122. The manner in which the stamens are joined to the 
other parts of the flower is called their insertion. When the 
filament spring from the receptacle or thalamns, they ara 
hypogynom (under the ovary), as in waU>flowei (Fig. 68) ; when 
inserted on the calyx, so as to surround the <i^4e^,vus^ la*. 

ptr^ynout, as in pea ; when tiliey eonM tesm. "Cost Vs^*^ 1^^ 
oriuy, they are e^rwui, &B in inthsia ^\%. ^^■,-«'w£Sv\-Q»tsS«A- 
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on the petals thej are vpipttalout, aa in primrose. Id the 
orchis the etsmenB and putil are united into one column : tjiii 
arrangement is gynandrmu. It is an example of adhetion — that 
is, the union of parts belonging to different whorls of the 
flower. 

123. When the Btamens are free from each other they an 
said t« be polyandroue, and the number of such free Btamene i» 
denoted hy prefixes. Thus liiac is diandrons, lilr hexandroo^ 
pink dccanorouH, and popp;' pol^androoa. When cohesion 
takes place, names are given denoting the number of bundles ; 
thus u the filaments cohere into one bundle, as in malloT, 
thej are fiumade^htnu; if they form two hnndlea, they are 
diddetphmu, as in pea ; if more than two, polyadtljAcms, as in 
St. John's wort In the dai^ the anthem cohere, but the 
filaments are free ; ther are aaid to be lyngenemotit. 

124. In the anther lobes the fertilising grains of pollen are 
formed. When the pollen is ripe the anther opens for its 
•scape : this is called dehiicettee. Sometimes the anther opens 
lengthwise, as in wall-flower ; sometimes the dehiscence is 
across, as in duckweed ; in the potato, heath, and rhododen- 
dron, the pollen escapes by pores (Fig. 44) ; in tarbeny and 
laurel by Talves. If the opening taies place on the innerside, 
it is inlTOTM; if on the outer side, txtrortt. 



Kg.42.— InnBtoAslken. Fig. O.-^Veiwtae ilJitliei. BtimeD of Folklo. 

120. The jititiZ or jrymsnum is the innermost put of the 

Bower, enclosed and protected bj aU the other ^iarts, which 

erift for the sake of bringing it said its Mmte"n>» Vi -fteAecSuni. 

// conmsta of anamber^ parte, c&Hei earptU, s^^tli ^jm^jroiH-t 
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an ovary, a style, and a stigma. When the carpels are separate 
the pistil is apocarpoiis, as in buttercup ; but when tho carpels 
by cohesion unite into one mass, the pistil is syncarpcms, as in 
poppy. If the pistil consists of only one carpel, it is simplef as 
m pea. The word ovary is frequently used to denote the 
entire pistil. 

126. The pod or legume of the pea (Fig. 62) is the ripe 
carpel, and is evidently a leaf folded together so as to join at 
the edges ; but in most carpels the leaf form is greatly dis- 
guised. If you cut across the ovary of a tulip or wild hyacinth 
(blue-bell) you will find three cavities : each of these represents 
a carpeL The carpels are united at the edges, and the ovaiy 
is called trilocular. The ovary of the pea is monolocular ; if two 
cavities exist, as in foxglove, we have a bilocular ovary; if 
more than three, a multilocular, as in cranberry. 

127. In a svncarpous ovary the styles often join together to 
form a single column. This is seen in crocus and wild 
hyacinth ; but the number of carpels is generally denoted by 
notches in the stigma. In the iris the styles have the appear- 
ance of petals. 

128. In gooseberry, apple, harebell, &c., the ovary adheres 
to the calyx-tube, so that the teeth of the calyx seem to spring 
from the top of the ovarv : in this case the ovarv is called 
adherent or inferior, and the calyx superior. But if the calyx 
springs from oeneath the ovary, the ovarv is called free or 
eitpenor, and the calyx inferior, as in wall-flower, lily. 

129. In the syncarpous ovary, the way in which the carpellary 
leaves are united, and the position of the ovules, determine 
what is called the placentation, of which there are three chief 
varieties : — 

(1.) Axile, as in the tulip, where the edges of the carpel fold 
quite in so as to meet at the centre, thus forming a number of 
chambers or locules. The separating walls are called diseem- 
merUs, and the part to wmch the seeds are attached the 
placeTUa. 

(2.) Parietal, as in poppy and violet, where the^ edges of the 
carpel do not quite reach tne centre, but project inwards from 
their walls, and have the ovules arranged round the projecting 
parts. 

(Z,) Free central, where the placentation has originally been 
axne, but the dissepiments have disappeared early, leaving thi 
ovules in a circle round the central axis, as in pink, primrose. 

130. Ovules are buds borne on the edges of the carpels ; when 
ripe, they become seeds. Some ovaneR cat^Xk^sv w^ w^ss. 'sjvri^^ 
which 18 then called solitary^ aa m \sv3L\.\fctc?Qc^\ v«s\& ^-^s^ssss^ 

manx ovules, which ore then n^wa«TOU«. 



131. The omle ii attulwd to ike plwmte hy » atelk (fimi- 
ndiu); wlien this is wanting, it is wcnli. Iteonsistiaf Acenlnl 
port called the nvehut, snd two eoota nimNinding tttiL die 
outer primin*, the innci «hwm1«>m. Tba central port of the 
nncleiu is a cell called the mibryo-iae, ihe entoanc« to vrhieh is 
at the top of the ovale, throngli the miavjmle oi fitramtn 
(Fig. 47). When the ornle is attached to the base of the 
crv&TT, so as to lise sb«ight up, it is said to be «ne<; irtien 
attauied to the top, it is pmAtJoiu or imiotiUd. If attached to 
the aide of the vnsj, it is called atumdiixg whoi it points 
upwards, tiMpendtA when hanging downwards. 





Pla.«. 
OrGbacnpoami 





Tig.*a- 



13S. Th« point 
where ttie nndeos 
is joined to itaoonr- 
ii^ is the eKalma; 
the place when Hu 
oruk is attadied to 
the fonicnlna of 



1 1 ii^"**-!*- y ( bilnin and chalaia 

\\>v, / / ) are at the same end 

V 0^~^/ / of the nndeos (as 

\ a" ^y in Figs. 46 and 47), 

^~ -e^^— t the ovnle is termed 

FJe- «. „ J „ ?1« " „„ orfAotrppow, as in 

A.,.trj,pon.. F rtltatl . Ovn aetUeTwilea. the 

OTule SO arranged is curved or bent round at the middle, so aa to 
btii^ the miaop;^ ronnd tovmrds the base, it is tampghlrth 
fait*, ae in hop. When the nucleus is inreited so as to hne 
the midopjle at the base of the ovule, it is cmafrqpoiUj as in 
poppy ' "^^ hilom is connected with the chalaza in this-case 
by a bundle of vesseis called the ftgiJw (Fig. 4^ Fig, 48 
represents an ovale having the chalaKs in the middl^ and 
curved : this is called am^iiropcmi, as in haricot. 
133. j"flrHU(Btl<m.— Fortbecc<titmaa*iofiiAB.'^aiii«(*«fcaa, 
/iTO SBiiK)/ oiMiw are reqtiirod in moA eMw -.-;*»* * 
ooaiainiig poUen grains, asA tl» ptata, «iWiA»»nitt« 
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Each lobe of the anther usually contains two cells filled 
with pollen grains, which dijSer greatl^r in tern, size, and 
appearance, but are as a rule more or less sphcneioal. A pol- 
len-grain has a double coat, the outer layer being called 
extinty the inner intine ; usually there are in the outer layer 
one oi^ore openings or thin parts called pores. The inte- 
rior 01 the grain is filled with a protoplasmic semi-fluid 
substance called /oi;i7Za. When a pollen grain falls on the 
moist surface of the stigma, it absorbs moisture and slowly 
expands ; the intine then protrudes through one of the pores 
in the extine, and gradually forms a uender pollen tube, 
sometimes several inches in length. This grows down be- 
tween the cells of the stigma and style until it reaches the 
ovary. Very many pollen tubes may thus grow at once 
down the same pistiL Each tube finds its way to an OTule, 
and enters it by the micropyle, as seen in Fig. 47. The end 
of the tube there comes in contact with a small body in the 
embryo-sac called the germinal vesicle ; the tube does not 
rupture, but the fovilla passes from it into the germinal 
vesicle l^ough the enclosing walls (by a process of osmose) : 
the tube then shrivels and disappears. The germinal vesicle 
soon develops into the embryo or germ, containing the 
plantlet. The embryo may absorb all the soft matter con- 
tained in the embryo sac, or it may absorb only &^art, the 
remainder forming the endosperm or albumen. The ovule 
thus fertilized becomes the seed, which when mature is de- 
tached from the plant, and imder favourable circumstances,, 
germinates and forms a new plant. 

The provisions for bringing the pollen into contact with 
ovules are very various. In perfect flowers, i.e., those whidii 
contain both stamens and pistils, the anthers are often 
borne higher than the stigma, and the pollen simply falls on 
the stigma ; in flowers which han^ down, like the fuchsia 
(Fig. 49) the style is longer than l£e stamens, therefore the 
anthers are above the stigma, and the pollen falls on the 
stigma as before. But generally such plants are not self- 
fertilising, i.e., the ovules of any flower are not fertilised by 
pollen from anthers of the same flower, but by that of some 
other flower. The pollen is in that case conveyed by the 
wind, or carried by bees or other insects visiting flowers in 
search of honey. The style and anthezB are rarely matured 
in the same flower at the same time. 

In flowers whidi have only stamens or only pislils,^ self- 
fertilisation is, of coiurse, impossiblei anii%o'm& caasciSsst^^^^^si. 
as the wind or insects, is neceaaax^ \iO i^cwct^^ "^^^ i^^'^vw 
from the staminate flower to t'ki© -^Vfi^SVftXA* ^^«^A -wvsa. 
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kffge showy flowers are usually fertilised by means of insects: 
those with small flowers by the wind. 

The pollen-giains of Dicotyledons and Monocotyledons, 
which haye their ovules contained in an ovary, and are 
kence called Angiosperms {ayytiow, a vessel, Ghr.}, are one- 
eelled, and send down a pollen tube as now described into 
the ovary : but in cone-bearing trees, such as fir and pine, 
the ovules are not contained in an ovary, bat are borne 
naked on the scales of the cones ; such pl^ts being called 
Oymosperma {yvfi^os, naked, Gr.) The pollen- grains are 
many celled, and come directly into contact with the ovules 
without any tube being formed. 

The stamens are frequently spoken of as the male organs, 
and the pistils as the female organs of fructification : hence 
imp^ect flowers which bear stamens only are called male 
flowers, those bearing pistils only, female flowers. 

The reproduction of cryptogams will be spoken of under 
the sevend classes. 

Questions. 

106. What is an inflorescence ? Name its various parts. 

107. What are the two kinds of inflorescence? Describe 
each, with examples. 

108. What is a cyme? two kinds? a glomerule? 

109. Name the various indefinite inflorescences. What is a 
raceme? spike? spadiz? cone? corymb? panicle {umbel? capi- 
tulum? catkin? 

110. What is aestivation? 

111. Name and classify the parts of a flower. What is 
meant by suppression? Explain monochlamydeous, diclila- 
mydeous, achlamydeous. 

112. What is a regular flower? an irregular flower? Give 
examples. 

113. What is the calyx c omp osed of? Meaning of poly- 
sepalous? gamosepalous? Wnat do you understand by 
cohesion? Give examples. 

114. Describe the corolla. Meaning of gamopetalous? What 
is a perianth? 

115. Name the chief kinds of polypetalous corolla. 

116. Name, with examples, some forms of regular gamo- 
petalous coroUa ; of irregular. 

117. What is a persistent csAyx or corolla? What is the 
•pposedterm? 

JJd What is a perfect flower 1 an iia^etiacXaX o>?asst ii^KssbfoWV 
£xphun the terma monoecious, dio&ciou^ 
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119. What is the androocium P What is meant by the 
symbol * f 

120. What are the parts of a stamen? When is an anther 
sessile? 

121. Explain the terms adnate, innate, vtrsatiU, as applied 
to anthers. 

122. What are the various ways in which stamens are in- 
serted ? What is adhesion? Give examples. 

124. Mention the different kinds of dehiscence of anthers. 

125. What is a simple pistil? a;^ocarpoiis? syncaipons? 

126. What is a carpel? When is a pistil monolocular? 

127. Describe the styles of a tiiHp ; of an iris. 

128. What is an inferior ovary ? superior? other names? 

129. What is placentation? Name three varieties. 

130. What are ovules ? 

131. Describe the structure of an ovule. 

132. What is the hilum ? the chalaza? What is meant by 
an orthotropous ovule? Describe the other varieties. 

138. Describe the process of fertilisation. What are 
the dijfferences in this respect between Ang^osperms and 
Gymnosperms ? 



BOXAtnr. 
CHAPTER Till.— THE FRUIT AND i 



131 The Fmit is the matured oTOcy of the flower; it con- 
toina the itedt, which are the ripened omlee. The natare of 
the iriiit ia often much diimiised by Tariooe changea whi^ 
take place in the ovary and the Bomnrndin;; P^^a; Thiu in 
the apple the fruit i» formed chiefly from the Galyx-tDb«, iridle 
in the Etrawbeirj the enlaned receptacle fonns the mccnlent 
part, and in the molbeny the prodncts of lereral flowen unite 
to form a compound fmit 

The fmit consistt of the seeds and the pericmrf — all that 
encloses the seeds Ixdne called the pericarp. The pexieazp con- 
sists of three layers — the ipieatp or outer layv, the lamteatf or 
middle layer, and the endocarp or inner layer. 

135. Fruits are divided into dry and roccnlent, and also into 
dehiscent and indehiscent. 

Dry fniiu are those in which the coverings of tba saed ore 
dry, as poppy, wheat. 




SaccvJtntfruiU are those in which 
the pericarp becomes soft and juuy, 
enclosing the seeds, as in apple, orange, 
goosebeny, 

DelMunt fmitt split open to permit 
the escape of the seeds, as pea, wall- 

Inddviicent fniiu are those which do 
not open,theae^h«utf^ liberated only 
by the decay oi ttie ■^encox^ ■, ai *««)*.. 
■**nhi-oS^*57noliiJ». fruits, apple, gwwibenij . 



136. The following are the chief kinds of iiidehi«ceut 
fruits: — 

(1.) An athene lb & <Ii7 one-celled froit, with aeparable peti< 
carp, aa Imttarcnp, dandelion. In the rose, the caljx-tuba 
become! yellow oi red and succulent, 1>Mring numeions 
achenes inside. In the stiawheny (Fig. fiS) the achenea a~~ 
embedded in the fleshy receptacle. A earyapiU ir — "»>■"> 
with inseparable pericarp, as in wheat, giasa, Ac. 



< is an ochsue 




Pig. u.-[lupii«ny. Fig. Sfc-niiit of CUc 

(S.) A mtl is a diy ayncarpotis fruit with a bony pericarp, as 
hazel. A gUmt is a nut nirronnded by an involucra, as sweet 
chestnut) ir by a cnpole of hardened bnuit*, aa acom (F^;. S5). 
(3.) A berrg is a niacHlent iynearpona firoit, with tha aeeds 
contained in a juicy pulp encloaed in. * sat, wi ^wiiSQietri, 
ciumat(Fig.32). ITm orange is a tni (>l't%CT^ CJ«)ss«eAsss^ 
*ritb geptable rind. 
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(4.) A pome or apple is an inferior fruit, in wliich the calyx- 
tube forms part of the pericarp and becomes succulent, and the 
endocarp is scaly, as apple, pear. 

(5.) A drupe is a succulent fruit, in wbicli the endocarp is 
hardened into '* stone," the mesocarp is succulent, and the 
epicarp membranous, as cherry (Kg. 52), plum, peach, date. 
An etoerio consists of a number of small drapes (drupels) 
collected together into o&e compound fruit, as blaickberry, 
raspberry (Fig. 54). 

137. The most important dehiscent fruits are the follow- 
ing:— 

(6.) A capsule is a dry syncaipous fruit, opening by valves, as 
in the beecn, digitalis (Fig. 51^ ; or by a lid, as in pimpernel ; 
or by pores, as in poppy, snaporagon. 

(7.) A siliqtia or poais a capsule opening from below upwards 
by two valves, which separate from a central waU, the r^lum, 
to which the seeds are attached, as in wall-flower. 

(8.) A legvme is a one-celled dry fruit opening by both edges 
(gutures), as pea (Fig. 62). The fruit of the peony consists of 
two, that of aconite (Fig. 50^ of several, l^umes dehiscing at 
one suture only ; they are cahsd follicles. 

138. The Seed is simply the ripened ovule, and the same 
terms are used to describe it. Thus the point where it is 
joined to the placenta or funiculus is the hilum; the point 
where the seed is attached to its covering is the chalaza* The 
seed has usually two coatings — ^the episperm and endoplewra, 
corresponding to the two coverings of the ovule. A third 
coat IS occasionally developed after the seed has been fer- 
tilised ; it is called aril; the substance called mace is the aril of 
the nutmeg. Around the seed, as we have seen, there is often 
developed a quantity of albvmen, for the nourishment of the 
seed during germination. 

QUBSTIONS. 

134. What is the fruit ? In what way is its nature disguised ? 
What is the pericarp ? Name its parts. 

135. What are dry fruits) succulent? dehiscent 1 indehis- 
cent? 

136. Name, with examples, the chief kinds of indehiscent 
fruits. What is a berry 1 What sort of fruit is a gooseberry? 
a raspberry? a strawberry? a mulberry? 

137. Name the chief dehiscent fruits, with examples. 

138. Describe the seed and its coverings. What is aril? 
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CHAPTER IX.— CLASSIFICATION OF PLANTS. 



On account of the immense number — about 150,000 known 
species — and great diversity of plants, it is necessary to 
arrange tbem in groups, according to their resemblance and 
differences. But in doing so, we must not rely on mere 
external appearance : a comparison of their structure is 
necessary; and in making this comparison certain organs are 
of greater importance than others. The object of a classifi- 
cation is to place together those plants which resemble each 
other in the greatest number of important particulars, and 
thus to facilitate their study and assist the memory. 

A complete arrangement of plants in groups is called a 
system of classification. Two kinds of system have been adopted 
by different naturalists in their efforts to classify plants — 
Natural and Artificial. Artificial systems begin with the 
whole Vegetable Kingdom, and divide it into groups accord- 
ing to some important point of structure ; these groups are 
again divided and subdivided, on a pre-arranged plan, until 
the individual plants are reached. Thus according to the 
presence or absence of flowers, Vegetables are formed into 
the two great sections of Flowering Plants (JPhanerogamia) 
and Flowerless Plants {Cryptogamia), Each section is 
divided into sub-hingdomSy .each sub-kingdom into classes ; 
and the classes are divided into orders, orders into genera, 
each genus into species, and some species into varieties. 

The Linnaean System is the best known artificial arrange- 
ment. Linnaeus ^vided the Vegetable Kingdom into 24 
classes, according to the number and arrangement of the 
stamens ; and these into orders, according to the nature of 
the pistil. Twenty-three of the classes embraced all Flower- 
ing slants, while Cryptogams formed the twenty- fourth. 
This system forms an index to plants, and enables any indi- 
vidual plant to be easily referred to a particular order: but 
it does not supply any true view of the structure and pro- 
perties of plants ; plants the most opposite in these respects 
being frequently classed together. 

The Natural System begins with the individual plants, 
placing together those which are most closely related in 
important points of structure, and thus, by the repeated 
grouping of nearly-related forms, rising at last to a general 
view of the entire Vegetable Kingdom. All those plants 
which agree together in all essential characters, and which 
appear to have descended from a coxmsxotl ^\.oOK.^«t^Tj«*ss^^ 
together and 'called a species. T\i\ia V\i^ ^wiXa^'^^ \ss5«>^^ 
a crop of wheat may differ in az^ ox ^icAssxa ot Q?CaKt xssssss^- 
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poriant respects ; but they roBemble each other more closely 
than they resemble other plants, and their seeds produce 
similar plants ; hence wheat is regarded as constituting a 
separate species. All the species which agree together in 
the essential characters of their flowers or reproductive 
organs are collected into a genus. Thus, there are 11 species 
of geranium in this country, differing from, each o^er in 
some ren>ect8, but all agreeing in the structure of the 
flower; hence all are induaed in the single genus, 
geranium. Those genera which agree in the form and 
arrangement of the floral organs are collected into 
Natural orders or Families, and these again into dosses. 
Several classes ^ to form a Suh-hmgdom^ and all the sub- 
kinedoms constitute the VegetaM^ Kingdcm, Sub-divisioiu 
of classes and orders are called suh-dasseSf and sub^iifrders* 

The Natural System brings together, as far as possible, 
into the same group all plants resembling each other in 
structure ; so that when we know that a plant belongs to a 
certain group, we know that it possesses all the essential 
characters of that group. 

The Natural System at present in use is not the exclusive 
work cf any one naturalist, but has gradually arisen from 
the systems proposed by Jussieu, De Candolle, rdndley, 
£entham, and others. Within recent years it has been 
^eatly modified, according as discoveries have been made 
m the structure and physiology of plants ; and its details 
have not yet been settled." Hence various classifications are 
found in the most recent woiks on the subject. The follow- 
ing arrangement is substantially adopted, with some dif- 
ference of names, by most writers at present. The Table 
below gives the classification at a glance; the orders of 
British Flowering Plants are arranged in such a way as 
to assist in referring any plant to its group. For the full 
identification of plants, a '* Flora," such as Hooker's or 
Bentham's must be used. 



FLOWEEINGrPLANTS. 

Sub-ELingdom I. Phanerogams : Plants with flowers con- 
taining anthers and ovules. 

Division A, Angiospermia ; having the ovules enclosed in 
an ovary. 

CLASS I. Dicotyledons, having seeds with two cotyle- 
dons. 

SuB-OLASS I. THALAMirLOHA^; h.«vm^\^oth calyx and 
corolla, petals separate, stamens bypogynoxiB, \&Bes\A^ o^ 
the thalamus. 



€[LASaiFIOATION. 
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Ooary apocarpous, 
1. Banimculaceae, buttercup. | 2. Berberideae, barberry. 

Ovary tyncarpous ; placentas jtarietal. 



3. Nympbeaeeae, water lily. 

4. Papaveraceae, poppy. 

5. Fumariaceae, fiuuitory. 

6. Cruciferae, wall-flower. 



7. Besedaceae, mignonette. 

8. Cistineae, roc^-rose. 

9. Violaceae, violet. 

11. Frankeniaceae, sea-heath 



Ovary syncarpous ; placentas axile. 



12. Caryopbylleae, pink. 

13. Portulaceae, water 

chickweed 

14. Paronychieae, strap wort 
10. Polygaleae, milkwort. 

15. Elatineae, waterwort. 

16. Hypericaceae, St. -Tohn's 

wort. 

Stjb-c»lass II. Calyoiflobae ; having both calyx and 
corolla, petals separate, stamens inserted on the calyx. 

Ovary superior ; stamens perigynous. 



17. Malvaceae, mallow. 

18. Tiliaceae, lime-tree. 

19. lineae, flax. 

20. Geraniaceae, cranesbill. 

21. Ilicineae, holly. 

22. Empetraceae, crowberry 



23. Celastineae, spindle-tree. 

24. Bhamneae, buckthorn. 

25. Sapindaceae, maple. 

26. Legaminosae,pea. 

27. Bosaceae, rose. 



28. Saxifrageae, currant. 

29. CrassiQaceae, stonecrop 

30. Droseraceae, sundew. 
33. Lythraceae, loosestrife. 



Ovary inferior; stamens epigynous. 



31. Halorageae, water milfoil 

32. Onagrarieae, willow-herb 
34. Cucurbitaceae, bryony. 



35. Umbelliferae, hemlock. 

36. Araliaceae, ivy. 

37. Comaceae, cornel. 



SX7B-CLAS8 III. MOKOPETALAE Or GAMOPETALAE ,' 

having^ both calyx and corolla, petals united into a 2-or- 
more-Iobed corolla. 

1. Ovary inferior ; stamens epipetalous, ^ 



38. Caprifohaceae, honey- 
suckle. 

39. Bubiaceae, bed-straw. 



40. Yalerianeae, val^an. 

41. Dipsaceae, scabious. 

42. Compositae, daisy. 



Stamens inserted on top of ovary, 

43. Oampanulaoeae, hare- I 44. Ericaceae (sub-order .. 

bell. I yaQC»xii<&^<^^<sc«c^<i5rc^. 

2. Ovary supenor ; stamens epipete^.o\x& Qcl-t^^ST^^"'^^ "^'^ 
44,62,69). ^ir^ ^ 
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Corolla regular ; placentas axile or parietal. 



4i. Ericaceae (sub-order 
Ericeae) heath 

45. Oleineae, ash. 

46. Apocyneae, periwinkle 

47. Gentianeae, bog bean 

48. Polemoniaceae, pole- 
monium. 



49. Conyolyulaceae, bind- 

weed. 

50. Boragineae, borage. 

51. Solaneae, nightshade. 

52. Plantagineae, plantain. 



Corolla irregular ; placentas axile or parietal, 

53. Scrophularineae, foxglove. I 55. Labiatae, mint. 

54. Orobancheae, broom -rape. I 56. Verbenaceae, vervain. 

Corolla regular or irregular; ovary l-celled, with a free basal 

placenta. " 

57. Lentibularineae, butter- I 58. Primulaceae, primrose, 
wort. I 59. Plumbagineae, sea-pink. 

Sub-class IV. Apetalae or Incompletae ; having no 
corolla, sometimes no calyx. 

1. Corolla alone absent (Monochlamydeae) ; flowers per- 
fect or imperfect, not in cones or catkins. 

Ovary superior, l-celled. 



60. Polygoneae, dock. 

61. Amaranthaceae, amaran- 
thus. 

62. Chenopodiaceae, goose- 
foot. 

70. TJrticaceae, nettle. 



71. Cannabineae, hemp. 

72. XJlmaceae, elm. 

63. Thymeleae, sparge 
laurel. 

64. Eleagneae, sea-buck- 

thorn. 



Ovary inferior. 

65. Loranthaceae, mistletoe. I 67. Aristolochieae, birth- 

66. Santalaceae, thesium. | wort. 

2. Calyx and corolla both absent (Achlamydeae); flowers 
imperfect. 

68. Euphorbiaceae, spurge. 69. Ceratophylleae, horn- 
work. 

3. Flowers imperfect, one or both kinds in catkios or 
spikes, with or without a perianth. 

73. Balicaceae, willow. I 75. Betulaceae, birch. 

74, Cupuliferae, oak. \ 76. Myrlcaceaei bog-myrtle 

CLA88 IL Monocbtyledoua ; "bia^niv^ ^^ie^ ^w\i^ ^ta 

COtjrledOD^ 
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Sub-class I. Spadiciflorae ; having the flowers on a 
spadix, usually enclosed in a spathe. 

1. Typhaceae, bulrush. I 3. Lemnacoae, duckweed. 

2. Aroideae, arum. | 

Sub-class II. Petaloideae ; perianth petaloid, 
coloured, rarely green. 

1. Perianth superior. 



7. Ainaryllideae, daffodil. 

8. Dioscoreae, black bryony. 



4. Hydrocharideae, frog-bit 

5. Orchideae, orchis. 

6. Irideae, iris. 

2. Perianth inferior, often wanting. 

Carpels many free, 

9. Alismaceae, water plan- | 10. Naiadeae, homed pond 
tain. I weed. 

Carpels solitary ^ or connate into a 1-3-celled ovary. 

11. Liliaceae, lily. I 13. Eriocauloneae, pipewort. 

12. Juncaceae, rush. I 

Sub-class III. Glumaceae; perianth replaced by 
scales or hairs. 
14. Cyperaceae, sedges. | 15. Gramineae, grasses. 

Division B. Gymnospermia or Archispermia ; having the 
ovules naked. 

CLASS III. Gymnosperms. 

1. Coniferce; pine, jumper, yew. 

CBYPTOGAMIA, Plants without Flowers. 

Sub-kingdom IL Pteridophyta, vascular cryptogams. 

CLASS lY. Lyeopodiaceae, clubmosses. 

CLASS Y. Equisetaceae, horsetails. 

CLASS YI. Filices, ferns. 

Sub-kingdom m. Bryophyta, moss-like plants. 

CLASS YII. Musci, mosses. 

CLASS Yin. Hepaticae, liverworts. 

Sub-kingdom IV. Thallophyta, consisting of a tlallust 
without distinction into stem and leaf. 

CLASS IX. Characeae, stoneworts* 

CLASS X. Lichens. 

CLASS XL Fungi, muBhxooixift, &^ 

CLASS XIL Algae, seaweeds, &o% ^ 
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In naming plants and their groups, those names are 
best which convey briefly and clearly some distinguishing 
character of the plant or group of plants to which they are 
applied. For this purpose Latin names are usually em- 
ployed, as well as English, because they are easily com- 
pounded to express varieties of structure, and because they 
are universally intelligible, that language being studied in 
every civilized country. Since the time of Linnaeus, every 
plant bears two names — the name of the genus, used as a 
noun, and that of the species, used as an adjective. Hence, 
when the English nomenclature is employed, the specific 
name is put first, when the Latin, the generic name 
precedes. Thus the creeping buttercup is called Ranunculus 
repena, indicating that it belongs to the genus Eanunculus 
or buttercup, and to the species repena or creeping. "When 
only one name is given for any plant, it is the generic 
name. 

As some plants have been dijBPerently named by different 
botanists, it is usual to place after the name of such a plant 
the name or initial of the writer who first bestowed it. 
Thus conium maculatum L, means that Linnaeus first gave 
this name to the common hemlock. 

Orders are named from some characteristic genus included 
in them. Genera are named after some one of their species, 
or from the structure or qualities of the included species 
— occasionally from the name of some botanist. Specific 
names may indicate the country or locality in which a plant 
grows, the form of its root, stem, or leaves, the colour of 
its flowers, &c. 

The marks by which any one group is distinguished from 
other corresponding groups constitute its character. In 
giving the characters of a group, those which are common 
to the whole of the next higher group are omitted. Thus 
the characters of the classes are omitted in giving those of 
sub-classes, the characters of sub-classes in giving those of 
orders, and so on. 

In the following pages, we give the various divisions, 
classes, and sub-classes of flowering plants, and the most 
important natural orders bdonging to the British Isles, 
with their characters. These characters should be carefully 
verified in every case by reference to living plants; the 
first example under each order being usually the best for 
examination. The classes of the cryptogams have been 
described, with a few illustrative specunens ; but a detailed 
examination of those plants has been omitted, as iinsuited 
to the elementary character of this book. 



CLASSIFICATION— DIOOTYLEDOXS. ^7 

In the characters of the orders, a symbolic arrangement 
of the flower is given at first, consisting of four numbers. 
The first denotes the number of sepals, the second the 
number of petals, the third the number of stamens, the 
fourth the number of carpels. Cohesion of the parts of a 
whorl is indicated by a curve above the figure, adhesion 
between two whorls by a line joining them below. Thus 
for the Order Labiatae, the expression given is 

5 5 4 4; meaning 5 sepals united, 5 petals 

united, 4 stamens distinct, 4 carpels united, and the stamens 
epipetalous. 

SUB-KINGDOM L— PHANEROGAMS, or Flowering 

Plants. 
Class I. Dicotyledons. 

The emhryo has two cotyledons : spiral vessels are present : 
the root is usually axial ; the stem (when perennial) contains 
central pith, concentric woody rings, medullary rays, and 
separable bark ; the leaves are net-veined, with stomata ; 
and the parts of the flower are in fours or fives. 

Sub- CLASS I. Thalamiflorae. 

Having both calyx and corolla, petals separate ; stamens 
hypogynous, inserted on the thalamus. 
Order BanunctUaceae — Buttercup Family. 3-6 3-16 *^ ® 

Herbs, rarely shrubs, chiefly confined to Europe ; acrid, 
often poisonous. Leaves alternate (opposite in clematis) ex- 
stipulate, much divided, with sheathing petiole. Calyx and 
corolla deciduous (corolla wanting in clematis and wood ane- 
mone), stamens rise from the disk beneath the carpels: anthers 
adnate: carpels one-celled, distinct; ovules solitary, fruity 
achenc (follicle in peony). British genera 13, species 32. 

The flowers resemble those of Eosaceae : but in the latter, 
the stamens adhere to the calyx, which is persistent. 

In some species, the stamens, under cultivation, develop 
as petals, forming " double flowers," as in Bachelor's button 
(^Banunculu& acris). 

Examples — Buttercup {Banunculus acris, B, repens, 
B, hMosus, B, auricomttSf &c,), monkshood, {aconite^ very 
poisonous) columbine, peony, clematis (a shrub), anemone, 

larkspur. 
Order Papaveraceae — Poppy Family, 2 4®^ 

Herbs with milky juice. Leaves radical or alternate, 
much divided, exstipulate. Flowers regular, envelopes and 
stamens fall very early (caducous) : ovary one-celled, with 
parietal placentation : fruit a capsule, o^eimi^^Vs^^^s^s^^st 
vulves: seeds many« British genera i, ^^^^v^^^ 
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Examples — ^Poppy, Celandine. 

From Papaver somniferum (opium poppy) are obtained 
opium, laudanum, and morphia, which are narcotic in 
small doses, poisonous in large. The juice exudes from 
gashes made in the unripe capsule. 

As in the Eanunculaceae, the leaves are much divided, 
and the stamens are numerous. But in the poppy tribe, the 
carpels are united, and the juice is milky. Under cultiva- 
tion, the stamens become petals and form double flowers. 

Order Cruciferae — Oahhage Family, 4 4 6 2 

Herbs, with wholesome properties, many being pre- 
ventive of scurvy, chiefly European. Leaves alternate, 
exstipulate, entire. Inflorescence raceme, ebracteate : sepsds 
deciduous ; petals deciduous, crosS'Shaped (cruciate) ; 
stamens, tetradynamous (2 short solitary, 4 long in pairs; ; 
ovary superior, two-celled, syncarpous, with parietal 
placentation : fruit a long pod (siliqua) or a short pod 
(silicula); seed without endosperm, embryo doubled on 
itself. British genera 28, species 66. 

The order is distinguished by the cross-shaped corollay 
tetradynamous stamens, and absence of bracts. The flowers 
are usually yellow or white, sometimes purple; liable to 
great variation in the same plant. British genera 28, 
species 60. 

Examples — Cabbage {Brassica oleracea), turnip, wall-flower, 
cress, radish, mustard, shepherd's purse, bitter cress, water- 
cress {nasturtium), woad. 

Colza oil is obtained from the seeds of rape {B, napus). 
Many crucifers yield wholesome food, and some are showy 
garden flowers. The ancient Britons used woad for 
painting their bodies. 

Order Violaceas — Violet Family, 5 5 5 3 

Herbs or shrubs, widely spread through both hemispheres. 
Leaves alternate, stipulate. Flowers often irregular ; calyx 
persistent, anthers introrse : ovary one-celled, ovules many, 
on 3 parietal placentas : fruity a capsule, opening by 3 valves : 
seeds many, with endosperm. One British genus, 6 species. 

Examples — Sweet violet (viola 0(2ora^a), pansy (y, tricolor), 
dog-violet (v. canina), 

Caryophyllaceae — Fink Family, 5 5 10 2-5 

Herbs of temperate and cold climates, with stems swollen 
a^ the Joints, Leaves opposite, exstipulate, entvce^wlth no veins 
except midrib. Inflorescence definite (cyme) *. ^oTR«t%T«^Ta \ 
sepals persistent: petals with claws; ovary oiM>-<i^^a, ^^- 
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eentation free central : fruit a capsule, one-celled, opening 
by valves or teeth : seeds numerous, embryo curved round 
albumen. British geuera 14, species 45. 

Examples, — Pink or carnation {Bianthua airyophyllua) 
sweet William, duckweed, stitchwort, {stdlarid), catchfly 
(ailene) corn-cockle, campion, ragged Eobin. 

Malvaceae- — Mallow Family. 5 5®^ 

Herbs or shrubs, widely diffused, especially in warm 
climates. Leaves alternate, stipulate. Flowers regular: 
calyx valvate, corolla twisted, in bud : stamens adherent be- 
low, forming a tube round the pistil, monadelphous, anther 
one- celled, extrorse : fruit many dry indehiscent or 2-valved 
carpels: seeds solitary in each cell, with little endosperm. 
British genera 3, species 6. 

Examples — Mallow (malva) marsh mallow (althaea) cotton- 
plant (gossypium), hollyhock, baobab. 

Cotton is obtained from the long thin- walled hairs sur- 
rounding the seeds of gossypium, several species of which are 
cultivated in both the Old and the New World : lamp oil and 
cotton cake from the seeds themselves. 

Geraniaceae — Crane s Bill Family. 5 5 10 5 

Herbs, rarely shrubs, with swollen nodes. Leaves alternate* 
or opposite, stipulate. Flowers in umbels of two each, usually 
regular ; stamens free or connate at the base : carpels and 
styles adherent to an elongated receptacle (carpophore) 
from which tkey separate below, when ripe (this is the crane*s 
bill, from which the order has its name) ; fruit of 5 dehiscent 
carpels : seeds small, with scanty endosperm. British genera 
4, species 20. 

Examples. — Herb Robert (Geranium Rohertianum), Pelar- 
gonium (cultivated ** geranium," brought from Cape of 
Good Hop )), erodium (stork*s bill), wood sorrel (oxalis aceto^ 
sella) Indian cress. 

Sub Class II.— Calyoiflokab. 

Having both calyx and corolla ; the sepals united, tho 
petals separate ; stamens inserted on the calyx (perigynoua 
or hypogynous). 

Ltgiiminosae — Pea Family. o 6 10 1 

Herbs, shrubs, or trees, dispersed over the entire globe : 
probably 6,000 species known. Leaves alternate, stipulate, 
generally compound. Inflorescence raceme ; flowers (of British 
genera) papilionaceous, sepals iotxmn^ «h^Qt\.\.\i5c»'i^^"Sisi^*^i«i!^ 
odd segment inferior, corolla ^^^ig. ^V^ ^OTiS\aH-'«v^ '^'^ ^^sfit^^ 
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upper petal, the vexiUum or standard {v) which emhraces 
the others in the bud : two parallel side petals (a a) the aloe 
€3(r wings, and two (c c) united at their lower margins into a 
boat-shaped structure, the carina or keel, which enclose the 
stamens : stamens Id one bundle (monadelphous) or two (dia- 
delphous); ovary simple: fruit generally a legume; seeds 
solitary or several, with no separate endosperm, the cotyle- 
dons being fleshy, and .filling, with the embryo, the whole 
interior of the seed. Biitish genera 18, species 69. (Figs. 
63, 64, 65.) 
This important order is divided into three sub-orders: — 

1. Fapilioneae : flowers papilionaceons, the odd petal (v) external 
in bad; (all the British genera belong to this order, numy 
foreign genera have the stamens separate). Example* — Pes, 
bean, furze or whin, broom, clover, vetch, lucerne, labuniiim, 
scarlet runner, trefoil, indigo plant, Uquorice. 

2. Oaesalpineae : flowers papilionaceaus, corolla imbiicate, odd 
petal {v) internal. Examples — Senna, logwood, tamarind. 

3. MiniBseae : corolla valvate, flowers regular. Examples — 
Acacia, sensitive plant (mimosa), gum arabic, catechu. 

From plants of this order we obtain many valuable 
substances : useful timber from rosewood, locust tree, tama- 
rind, ebony, laburnum ; dyes from indigo plant (indigo/era 
iinctorid) and logwood : g^m tragacanth and gum arabic 
from acacias. The seeds of many, as laburnum, are poison- 
ous. In many Australian species of acacia, the leaves 
become phyllodes. 

Jtosaceae — liose Family, 5 5*** 

Herbs, shrubs, or trees, found chiefly in cold and tempe- 
rate climates. Leaves alternate, stipulate, compound or 
simple. Inflorescence various : flowers regular : odd lobe of 
calyx superior : stamens distinct, inserted on a disk (perigy- 
nous) 10 or 00 : ovaries apocarpous : ovules one or few : fruit, 
achenes, follicle, drupe, or pome : seeds without endosperm. 
British genera 17, species 43. 

The order is divided into the following sab-orders : — 

Sebies I. — Eipe carpels not enclosed in calyx tube. 

Prundae : calyx deciduous, frait a drupe : as plum, cherry, garden 

laurel. 
Spireae : carpels many, ovules 2 in each carpel : fruit a foUicle ; as 

meadow sweet {spirea). 
Bubeae : carpels many, ovules 2 in each carpel; fruit of many 

small drupes ; as raspberry, blackberry {rabus). 
Potentilleae : carpels 4 or more ; ovule 1 in each carpel : fruit of 4 

or more achenea ; as cinquefoil(poteHiilla\atta.^\>«rrj(/vagarui)^ 

Sebies 2. — Hipe carpels cnelosed in calyx tube. 
Jh^^'Ua^ : petals 4, 5, or -. carpels 1-3, one ovxiVe *m ^t^Otx , U>32.\. 
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1-3 achenes enclosed in the small dry calyx tube; as lady*9 

mantle (alchemilla\ agrimony, bumet poterium. 
Itoseae : petals 4-5 : carpels many, one ovule in each : fruit of many 

achenes enclosed in fleshy calyx- tube ; as rose. 
Fomeae : petals 5 : carpels 1-5, two ovules in each : fruit fleshy 

1-2 or 5 -celled: as pear, apple (;;<?;» wwi), hawthorn, peach. 

This order yields many edible fruits. Some are astringent, 
some yield pnissic acid. The corolla has a great tendency 
to become double by the transformation of stamens into 
petals, as in our cultivated roses. In apple the carpels are 
pressed together by the fleshy enlarged calyx tube : but they 
are really apocarpous. 

Umhelli/erae^ITemlock Family. 5 5 5 2 



Herbs, usually with hollow stems, and small white 
flowers: nearly 1000 species known. Leaves alternate, 
compound, sheathing : flowers in umbels, often compound, 
with involucre : sepals united, superior, or wanting : pefals 
unequal, inflexed at the point, and inserted with the sta- 
mens on an. epigynous disk ; pistil two- celled : fruit a cremo- 
carp, sei)arating when ripe into two parts (mericarps) 
ridged : seeds solitary with endosperm. British genera 37. 
species 66. 

Examples. — Common hemlock (jconium maciUatuTn, with 
spotted stem, poisonous), celery [apt urn) , carraway, water 
hemlock, earthnut, fennel, samphire, cow parsnip, carrot 
(jAaucas carotd) assafootida. 

Sub-class III. Cobolliflora.e or Gamopetalae. 

Having both calyx and corolla, petals united, stamens 
mostly epipetalous, 

Caprifoliaceae — Honeysuchle Family, 5 5 5 3 

Shrubs or small trees, rarely herbs: natives of North 
Europe, Asia, and America : many are climbing plants : 
Flowers and leaves odoriferous : Leaves opposite, exstipu- 
late : Flowers in cymes : calyx superior 5 lobed : stamens 
alternate with petals : ovary 3-5 celled, inferior. Fruit, a 
berry or drupe, crowned by calyx tube : seeds with fleshy 
endosperm. British genera 5, species 8. 

Examples, — Elder or bourtree {Sxmbucus nigra)^ Honey- 
suckle, woodbine or eglantine {Lonicera periclymertum^ 
Guelder rose, laurustinus, snowberry. 

The berries of elder are made into wine ; its pith is useci 
for making pith balls for electrical experiments, and its 
wood by boys for popguns. laarge oTc\iBkt^ o\ ^^'ex wt^ 
cultivated iu Kent for making wine. 
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Gomposifae— Composite Family 5 



Herbs (the Britiali species) scattered over every part of the 
earth : about 8000 species Imown. Leaves alternate, simple 
or compound, exstipulate : flowers in head of many florets 
sessile on the expanded top of the peduncle (receptacle) sur- 
rounded by an involucre of bracts ; calyx superior, reduced 
to pappus, or wanting]; corollas all tubular, or the outer or 
all ligulate ; perfect, or staminato only, or pistillate only^ 
or neuter : stamens inserted on the petals : filaments free^ 
anthers cohering into a tube round the pistil (syngenesious) ; 
ovary one-celled, one-seeded : fruit achene. British genera 
40, species 140, forming -^ of all our native flowering 
plants. (Figs. 06, 69.) 

Series I. Tuhuliflorcte : flowers all tubular y or the outer only 
liguhie. Juice watery. Examples — Burdock,, knapweed^ 
bluebottle, thistle (carduus), coltsfoot (tussilagOt flowers ap- 
pear in spring before leaves), aster, daisy (hellis perennis), 
golden rod, chamomile, yarrow, ox eye daisy {chrysanthemum 
leucanthemum)i wormwood, groundsel (senecio vulgaris), rag- 
wort (fi. Jacohaea), 

Series II. Liguliflorae : floivers all ligulate : juice milky. 

Examples — Chicory, haw kbit, lettuce, dandelion, sow- 
thistle (sonchus), hawk weed. 

In daisy, &c., the outer florets, forming the ray, are irre- 
gular, ligulate, white, with neither stamens nor pistils, the 
florets of the disk are smaller, tubular, regular, yellow, with 
both stamens and pistil. Under cultivation, the florets of 
the disk tend to become ligulate. In thistle, the fruit 
achenes are crowned by sessile hair (pappus), in dandelion 
by a stalked pappus : in daisy the pappus is wanting. 

The roasted and powdered root of chicory {cichorium iivty- 
hus) is mixed with coffee, or used as a substitute for it. 

Oampanulaceae — Hare-hell Family. 5 6 5 o 

Herbs with milky juice, acid, often poisonous. Leaver 
alternate, exstipulate : flowers regular, calyx enclosing 
ovary, and spreading from top of it; corolla bell-shaped; 
filaments broad, curving inwards, anthers enclosing the 
style ; ovary 2-8 celled, inferior ; style tipped with hairs ; 
ovules many on axile placentas : fruit a berry, or capsule 
opening by pores or valves : seeds minute with fleshy en- 
dosperm. British genera 4, species 14. 

Examples— "Rare bell or **b\\i© \ie\V^ ^tam-^atv.vXo. t^Xawv.- 
di/olia)f rampion. 
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Ericaceae — Heath Family, 4 4 8 4 

Evergreen slirubs, rarely herbs or trees. Leaves rigid, 
evergreen, opposite or whorled, exstipulate. Flowers regu- 
lar, calyx persistent : corolla iimshaped (Fig. 38) ; stamens 
free, anthers dehiscing by pores (peculiar to this order), ovary 
superior : fruit j a berry or capsule : seeds many, with endo- 
sperm. About 1000 species known, most abundant at the 
Cape of Good Hope. British genera 12, species 23. 

Fxamples^Heath (erica) , ling or heather (jcalluna)^ Arbu- 
tus or strawberry tree, whortleberry, cranberry, bearberry, 
rhododendron, azalea. 

Convolvulaceae — Convolvulus Family. 5 5 5 2 

Herbs or shrubs, usually twining or trailing, often with 
milky juice. Leaves alternate, exstipulate ; flowers regular, 
in cymes, heads, or racemes, rarely solitary, of all colours ; 
corolla bell or funnel shaped ; ovary 2-celled ; fruit a cap- 
sule ; seeds albuminous, two in each cell, embryo large and 
curved. British genera 3, species 6. 

Examples — Bindweed {convolvulus arvensis), dodder (cim- 

cuta^ a leafless parasite, attaching itself to the stems of 

clover, flax, &c., by suckers.) 

^^ ^ ^x 

Solaneae — Nightshade Family. 5 5 5 2 

Herbs or shrubs, with watery juice. About 1,000 species 
known. Leaves alternate, exstipulate; flowers regular, 
calyx inferior persistent, corolla rotate, campanulate, 
or salver- shaped ; stamens inserted on corolla tube, short ; 
anthers cohering by their tips, opening inwards ; ovary 2- 
celled ; finiit a many-seeded capsule or berry ; seeds small, 
with fleshy endosperm. British genera 3, species 4. 

Examples — Nightshade {^Solarium), deadly nightsliade 
(atropa belladonna)^ potato {Solanum tuherosum)^ tobacco, 
tomato, cayenne pepper. 

Tobacco is narcotic and poisonous, deadly nightshade very 
poisonous; potato a useful article of food. Potato and 
tobacco were introduced from Virginia by Sir Walter 
Raleigh, in 1586. 

Serophularineue — Foxglove Family. ^ 5^ 4 2 

Herbs or shrubs. Leaves alternate, entire, exstipulate. 
Inflorescence raceme; flowers irregular; calyx persistent, 
corolla labiate or personate ; stamens did:^Ti^T£LO\3A (two lone,* 
tiro short) epipetalous ; ovary superior, 'i-<ift\la^\ *^T\x.\\.\i.^- 
celled capsule. 



CLASSIFICATION — DICOTYLEDONS. < * 

Examples — ^Figworfc {scrophularia), foxglove (digitalis 
purpurea), musk, calceolaria, speedwell {veronica^ only 2 
stamens) mimulus, eye-bright, red-rattle (pedicularis 
jyalustris), mullein. 

Many are poisonous, with strong acid and narcotic pro- 
perties. 

Ldbiatae — Mint Family, 5 5 4 4 

Herbs or shrubs, with square stems, aromatic from reser- 
voirs of essential oil. Leaves opposite or whorled, exstipu- 
late. Inflorescence shortened cymes of six or more flowers in 
axils of upper leaves {verticillastera) ; flowers irregular ; calyx 
inferior, persistent ; corolla bilabiate ; stamens didynamous, 
epipetalous ; oifary syncarpous, superior, 4-lobed ; fruit 1-4 
nutlets, each containing one seed. British genera 18, species 
44. 

Examples — ^Dead-nettle {lamium), mint, sage, thyme, 
lavender, rosemary. 

Prim/alaceae — Primrose Family, 5 5 5 5 

Perennial herbs. Leaves simple, generally radical, eKsti- 
pulate : flowers regular and perfect : calyx inferior ; corolla 
funnel-shaped, bell-shaped, or rotate ; stamens opposite to 
lobes of corolla, anthers introrse ; ovary superior, one-celled, 
■with free central placentation ; fmi%, a capsule opening by 
valves ; seeds numerous, with fleshy or homy endosperm. 
British genera 9, species 15. 

Examples — Primrose {PrimtUa vulgaris), cowslip (P. veris), 
pimpernel {anagallis), yellow pimpernel or loosestrife. 

Sub-class IV.— Apetalae or Inoompletae. Having no 
corolla, and often no calyx. 

Chenopodiaceae — Goosefoot Family, 5 6^ 

Herbs, often succulent, sometimes leafless. Leaves simple, 
alternate, exstipulate ; Inflorescence a spike of small green 
flowers; perianth single, inferior; stamens inserted on 
lobes of perianth; ovary one-celled, one- seeded; fruit 
a utricle, enclosed in the enlarged or fleshy perianth. British 
genera 6, species 20. 

Examples — Goosefoot (CAcMO/Kwfiwm), beet (Jbeta), mangel- 
wurzel, Good King Henry. Beet is used in manufacture of 
sugar. 

Urticaceae — NeUlt Fam\l\j* 

Herha, shnihs, or trees; juice ^aV^erj. "VifeWKa* ^"^5^'^'^ 
or alternate, atipulate, often Towgli ox «fCvcL^%^ li\.Qrx»^ 
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small, imperfect, green : Perianth regular, free : staniona 
opposite to lobes of perianth. Ovary ovoid 1 -celled ; fruit 
minute, dry, indeliiscent, one-seeded. British genera 2, 
species 4. 

Examples — ^Nettle {urtica), pellitory, hemp, fig, hop, mul- 
beiTy. 

Euphorhiaceae — Spurge Family, 
Herbs, shrubs, or trees, with acid, milky juice. Leaves 
alternate, simple, often stipulate. Flowering branches in a 
terminal umbel, each ray several times forked, with two 
opposite leaves at each fork, and a small green flowerhead 
between the branches : Flowers small, imperfect : staminaie 
10-15, each of one jointed stamen; one pistillate with 3-celled 
ovary, supported on a stalk projecting from the involucre : 
fruit a capsule. About 3,000 species known. British genera 
3, species 13. 

Examples — Spurge {Euphorbia), mercury, box, castor oil, 
caoutchouc. 

Salicaceae — JTiWoti; Family. 

Trees or shrubs. Leaves alternate, simple, stipulate. 
Flowers dioecious, in catkins (Figs. 35, 36) preceding the 
leaves : Perianth wanting : stamens 1 or more, filaments 
free or connate, anthers opening inwards; ovary 1 -celled, 
ovules many on parietal placentas : Fruity a capsule, dehis- 
cing by two valves ; seeds downy, without endosperm. 
British genera 2, species 20. 

Examples — ^Willow {salix), poplar {populusy 

Cupuliferae — Oak Family, 

Trees or shrubs. Leaves alternate, simple, stipulate, 
stipules deciduous. Flower monoecious ; staminaie in cat- 
kins, stamens 5-20, anther 2-celled, introrse — pistillate ses- 
sile in an involucre of clustered bracts ; calyx 6 -toothed, 
ovary inferior, surmounted by limb of calyx, 2-3 celled : 
Fruity a glans or nut, 1 -celled, 1 -seeded, in a cupule. 
British genera 4, species 4. 

Examples — Oak {Quercus robur'), beech (Fagus sylvatica^, 
hazel {Corylus avellana)^ hornbeam {carpinus betvlus). 

Wood, tannin, galls, and cork, are obtained from various 
species of oak. 

Betulaceae — Birch Family, 

Trees or shrubs. Leaves alternate, stipulate. Flowers 
small, monoecious, 1-3 together m a Q8bV>5l\x\.\ Pervaut^ 
WAnting; Staminate, with one ot moxe ^c^^%^ cJ^\>^ 
many stamens; jneiillaU, ovaxy com^te^wA., *l-^\\s^, 
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one ovule in each cell. Fruit, not enclosed in bracts, smallj 
dry, indeliiscent, (samara); seeds without endosperm. 
British genera 2, species 3. 

Examples — Birch (bet aim), alder, (aZwws), furnishing 
useful timber. 

Betulaceae, Cupuliferac, and Salicaceae, are sometimes in- 
cluded in one order, Amentnceae, And sometimes Corylaceae ^ 
is regarded as a separate order, comprising Hazel and flom- 
beam. 

Class II. — ^Monocotyledons. 

Flowering plants with ateins composed of parenchyma, 
not separable into pith and bark, containing separate closed 
fibro-vascular bundles diffused through the ground tissue ; 
the young stem has always an epidermis, which often con- 
tains silica ; leaves often sheathing at the base, generally 
simple, and parallel- veined ; the parts of the flower are 
usually in threes, the outer and inner whorls of the perianth 
being similar and petaloid ; embryo with one cotyledon 
only : seeds usually with copious endosperm : radicle never 
developed. 

Sub-class I. Spadiciflorae— With flowers on a spadix, 
naked or enclosed in a spathe. 

Aroideae — Arum Family » 

Herbs with creeping or tuberous rootstocks ; acrid and 
poisonous. Leaves various," veins sometimes partially reti- 
culated. Flowers monoecious, on a spadix, usually in a 
spathe; perianth absent: stamens few or many, anthers 
sessile, two-celled, extrorse : fruit a berry ; seeds with mealy 
or homy endosperm. British genera 2, species 3. 

Examples, — Cuckoo pint or ** Lords and ladies" {Arum 
macuLatum) sweet flag (acorus calamus), (Fig. 73.) 

Lemnaceae — Duckweed Family, 

Small floating plants consisting of small leaf -like fronds, 
giving off root fibres below, and multiplying by buds formed 
on the mEUTgin of the frond ; monoecious flowers, rarely 
produced, 1-3 in a spathe, rising from the margin of the 
frond ; perianth : stamens 1-2 : ovary one-celled : fruit, a 
utricle, bottle-shaped; seeds with endosperm. British 
genera 2, species 5. 

Examples, — Duck weed (?cm7ia) wolffia (the small est known 
flowering plant, frond being y^ in. long, ,V in. broad. 

Sub-class IT. Petaloidbae— Wil\L a. ^o\i\^^ ^^^^j^ciQ^ 
both whorls sepaloid, both petaloid, ot V>aa on^J^x ^^^-q^-**^''^ 
inner coloured : flowers usually periooV., 
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F g T6 — rollinia of Orohid- 

Hcrbs with rootstoct often tuberous. Leaves simple entire. 
Inflorescence, apiko or raceme, perianth irregular, 6 leaves, 
superior, corolla twisted, stamen 1, gynandroas, pollen in 
masses forming pollinia; ovary lon^, twisted, one-ccjled; 
placentas parietal; capevle three-Talved, seeds numerous. 
British geaera IT, species 37. 

Exampltt. — Orthids {orchis maculata, (tc), coral root, tway- 

Irideae — Iris Family, 
Perennial herbs with tuberous, bulbous, or creeping root- 
stock, or corm;Ieaiwj sword-shaped, eqnitant; flowertragaiM 
or irregular, enclosed in two spathe-like bracts ; perianth 
superior, petaloid, six: segments in two series, stamens, 3, 
anthers eitrorse, ovary three-celled, ovules many, stigmas 
3, often petaloid : /ruit capsular, three-celled: seeds alba- 
minous. British g^enera 4, species 5. 

Examplet — Iris, yellow flag {irie pM»d-acorwi) croons, gla- 
diolus. 

LiUaceae — Lily Family. 

Herbs with perennial cieeplng or bulbous rootstock. 

ZeaviS aJtemate, lanceolate, soxaeUmea Aieaftn.11%, "eXouiri 

^f-u/iu- and perfect ; periautb i:eeiiis.T Ba.-\eB.i«a. Si^amii-, 
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stamens 6, hypogj'nous, anthers introrse ; ovary three- 
celled, syncarpous, superior: fruity capsule, three- valved, 
succulent; seeds with endosperm. Genera 170, species 1,500. 
British genera 17, species 29. 

Examples. — Lily, tulip, hyacinth, aloes, onion, bog 
asphodel, asparagus, butcher's broom (a shrub), lily of the 
valley, Solomon's seal, squill, wild hyacinth (jdcilla nutans)^ 
gariic, leek, chives, meadow saffron {colchicum), (Fig. 76.) 

Sub-class III. Gltjmiferae— Flowers in axils of scales 
(glumes) in spikelets ; perianth absent or scaly or bristly ; 
leaves mostly linear, with large sheaths, tubular or slit ; 
stamens 1-3, rarely more ; ovule one : fruit a caryopsis, 
endosperm fleshy or floury. 

Cyperaceae — Sedge Family, 3 1 

Grassy or rush-like herbs, with solid unjointed stems, 
often angular. Leaves alternate, linear, sheath not split : 
flowers in spikes, perfect or imperfect, rising from scaly 
bracts (glumes) ; perianth absent, or consisting of many 
hypogynous bristles : stamens hypogynous ; ovary I one- 
celled : fruit achene : seeds albuminous. British genera 11, 
species 86. 

Examples.— Cy^&cxjLSy sedge {carex) cotton-grass, papyrus, 

Oramineae — Grass Family. 

Herbs usually tufted and slender; stem cylindric, jointed, 
hollow between the joints. Leaves alternate, narrow, sheath 
split, with a ligule at the base of the lamina ; spikelets in 
terminal spikes, racemes, or panicles, composed of one pair 
of flowerless glumes, enclosing one or more flowering glumes : 
flowering glume encloses a flower, usually perfect, and a flat 
scale {palea) with inflexed edges : perianth of 2 (rarely 3) 
minute scales placed opposite the paleae ; stamens 3, with 
slender filaments, anthers 2-celled, versatile; ovary one- 
celled, styles 2 ; ovule 1, erect, anatropous : /rwi< a caryop- 
sis : seed with floury endosperm. (Figs. 78, 79.) 

250 genera, 4,500 species known. British genera 41, 
species 102. 

Examples — Grasses, wheat, sugar cane, maize, rice, millet, 
bent, oat (avtna), reed, barley. 

Class III.— Gymnospermia. 

The wood of gymnosperms is arranged, as in dicotyledons^ 
in concentric layers, but is destitute of vessels andotm^eduL- 
Ifiry rays, and abounds in pitted. e«iWs *. \Xift ^\s^T«3<2»\ia&'cfiXK»^ 
three or more cotyledons. TVie ovviXft^ wt^ Tis^^-* \a*>^»s* 
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enclosed in an ovary; the pollen-grains are many-celled, 
and are applied directly to the apex of the OYUie. 

Conifero/e — Pine Family, 

Treesor shrubs, with straight stems,yielding resinous juices. 
Leaves small, entire, needle-shaped, lasting n>r several years 
(hence the trees are evergreen) ; flowers always without 
perianth, sometimes monoecious, as in fir ; sometimes dioe- 
cious, as in yew and juniper. 'The male flowers have several 
stamens at the top of a common axis ; the female flowers 
are either single or united into cones ; ovules are naked, i.e. 
without ovary, style, or pericarp, imder catkin scales or 
quite exposed ; in juniper the fruit is berry-like : the embryo 
has 2 or 3 cotyledons (2-15 in fir). 

Exumplea^Scotoh fir (Pi mis sylvestris)^ spruce fir (P. er- 
celsa), fir (abies)^ yew, larch, juniper, cedar, cypress, arau- 
caria. (Pig 80.) 

The products are timber, resin, turpentine, tar, pitch. 

CRYPTOGAMS. 

Plants not having flowers, with stamens and ovules. They 
have usually spores, which, on germinating, develop a cel- 
lular leaf -like mass called proemhryo or prothallium; on this 
are formed the reproductive organs — antheridia, analogous 
to anthers — and archegonia^ analogous to ovary. The an- 
theridia contain spermatozoids, which perform an analogous 
funcfcion to pollen grains, and enter into and fertilize the 
oospheres or similar bodies contained in the central cell of the 
archegonium ; from this fertilized cell the new plant springs. 

SUB-KINGDOM H— PTERIDOPHYTA, Vasculax 

Cryptogams. 

These plants possess true vessels, with stem and leaves. 
The spore develops a leaf-like proembryo or prothallium, 
bearing antheridia and archegonia ; from the fertilised ger- 
minal cell of the archegonium a spore-bearing phint is 
produced, with stem, leaves, and true roots, and permeated 
by fibro-vascular bundles. 

Class IV. — Lyoopodiaceae, Club-mosses. 

Stem recumbent, bremching, with small leaves. Repro- 
duction by sporangia or capsules, which burst when ripe, in 
the axils of the leaves. The iso^tes, belonging to thi& q.\»£&^ 
is the only known cryptogam, m 's«j\i\OcL MJafc ^!N««^ -^rswsssw- 
nently increases in thiokaess: ibia taSsft^ ^iaftfc>2r5 *Oafe Vstvs^s^- 
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tion of new masses of tissue round t&e central vascular 
bundles, the older ones gradually dying off on the outside. 
Examples — Lycopodium, selagmella, isoStes. 

Class Y.— Eqihsetaoeae, Horsetails. 

A creeping rhizome g^ves forth at its nodes aerial stems 
and adventitious roots. The stem is herbaceous, hollow, far- 
rowed, jointed, simple or branched, proyided at joints with 
leaves, short and toothed, in whorls ; sporangia are borne on 
shield-like leaves forming a compact spike at the end of 
ordinary (green) or special (brown) leaves ; the proemhryo is 
above ground and green. 

Examples — ^Equisetum arvense. . 

Equisetum arvense is the troublesome weed often met with 
in gardens and fields. 

Class VI. — ^Filices, Ferns. 

Ferns have usually a branched creeping rootstock, rarely 
an erect woody stem, which dies off or becomes lignified at 
its lower end. Numerous adventitious roots provided with 
roothairs are given off from the lower end of the stem or 
rhizome. The cambium bundles divide and branch in the stem, 
and send branches into the leaves ; the wood abounds in sea- 
lariform cells and vessels. The leaves {fronds) are circinate 
in vernation, and are produced only at the apex of the stem ; 
they have epidermis with numerous stomata on both sides. 
In hartstongue (jicolopendrium) they are lanceolate in form ; 
in shield ferns (aspidiums') they are doubly or trebly pin- 
nate. The stem and leafstalk {rachis) are generally oovertd 
with dry brown membranous BC&lea, paleae. The spore cases 
(^sporangia) are in masses {sort) on the underside, at the 
margins, or in the interior of the fronds. The arrangement 
of the sori affords distinguishing marks for the genera ; 
they are round in polystichum, linear in asplenium, naked in 
polypodium — usually they are covered by a membranous skin 
(the indusium). The sporange is provided with an elastic 
ring {annulus)^ which by its contraction bursts the sporange, 
and the spores escape. (Figs. 82, 83, 84). 

In germinating, the spore produces a green leaf-like 
structure lying on the ground called the prothallium or pro- 
embryo ; this sends out root-hairs beneath, and forms the 
antheridium and archegonium among them; antherozoida 
provided with cilia (hairs) escape from the antheridium 
and fertilise the oospherea in tlie aiCi\iecom\jLTDL\ ltQ.\a. tXiQ 
fertdliBed ooapbere the young i©Tni8d^vela^^,wAV)aft\st^- 
thalUnm disappears. In tins process we \ia.^e «d. «««k^\^ 
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of what is called ** alternation of generations." From the 
spore is produced, by vegetative reproduction y not a fern but a 
prothallium with spermatozoids and oospheres ; from these 
is produced, by sexual reproduction^ the new fern plant, 
which in its turn bears spores. 

Examples — Hymenophyllum, trichomanes, Koyal fern 
(^Osmunda regalis), polypody, maiden hair fern {adiantum\ 
bracken fern {Pteris aquilina), hartstongue {scolopendriumjf 
shield fern {aspidium). (Figs. 85, 86.) 

Ophioglossaceae are sometimes reckoned as a sepeurate class, 
but generally included among ferns. They have an under- 
ground i>roembryo, without chlorophyll; the stem never 
branches ; the leaves are few, sometimes only one. The leaf 
divides, one part developing into a spike bearing sporangia, 
the other forming a green lamina. Two species belong to 
Britain, Addev^ 8 tongue (^Ophioglossumvulgatuni), and moon- 
wort {Botrychium lunaria), 

SUB-KINGDOM m.— BRYOPHYTA. 

Cellular plants with stem and leaves, but with no true 
roots or fibro- vascular bundles. From the spore is devel- 
oped a plant which beeurs the reproductive orgems : the fer- 
tilised germinal cell produces a fruit-like structure {sporo- 
gonium) in which the spores are contained. 

Class VII. — Musci, Mosses. 

Mosses have a cylindrical stem covered with leaves. They 
have no true roots, but root hairs {rhizoids) instead. They 
bear sporanges on slender stalks {setae) ; the sporange is 
c 3vered by a cap {calyptra), and closed by a lid {operculum)* 
Fibro-vascular bundles, or structures analogous to them, are 
found in the stems of many mosses, and send branches into 
the leaves, forming midribs. The spores develop roothairs, * 
branches, and leaves ; the leafy branches bear antheridia and 
archegonia ; from the archegonia arise the sporangia. Bog- 
moss {Sphagnum palustre) which has contributed largely to 
the formation of peat, has two kinds of spores, microspores 
and macrospores; true mosses {Bryineae) have only one 
kind. (Fig. 87.) 

Class VIII. — ^Hepaticae, Liverworts. 

Delicate bright green plants, of no economic importance. 
Some greatly resemble lichens, except in colour. Thoy 
never have true roots, but roothairs, and their leaver bL^.^^^ 
no midrib, but consist of nniioxm c©\\a. 'Y\:L<er5\s«»s: ^w^^x^v^ 
sporogfoma opening by valves^ ttn^L ciOTi^*«2vs!asi% e\.Q.\.«t* v>«^ 
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elongated cells, with a spiral thread or band coiled np in 
their interior). The spores develop a plant consisting of a 
thallns, stem, and imperfect scale-like leaves : this structure 
bears, at the top of the* stem, the reproductive organs, 
antheridium and archegonium ; the central cell of the arch- 
egonium forms the sporogonium, containing the spores. 
In some species numerous gemmae or buds are borne in cup- 
like structures on the upper side of the stem. (Fig. 88.) 

SUB-KINGDOM IV.-THALLOPHYTA. 

The plant body consists of a thallus, without separation into 
stem and leaf. Many consist of a single cell, and all of 
uniform cells, or almost uniform. 

Class IX.— Chabacjbae, Brittleworts or Stoneworts. 

Water plants found in ponds and rivers, in tangled masses 
of dull-green colour ; tbey are slender, but attain a length 
of several feet. Each intemode consists of a single long 
cell, surrounded by smaller cells spirally twisted around it, 
forming a kind of cortex ; at the nodes appendages, consist- 
ing of leaves, branches, root-filaments and reproductive 
organs, are arranged in whorls. The organs of reproduc- 
tion are a reddish globuleu: antheridium, and a spirally- 
marked nucule or apore-fruit. When decaying, chara emits an 
offensive smell, like that of sulphuretted hydrogen. 

Examples — Chara, nitella. 

Class X. — ^Lichens. 

CellulEu: plants, usually growing in exposed situations, but 
never in water. They form crusts of various colours on 
stones, trees, &c. Lichens consist, when mature, of an ir- 
regular firm thallus, composed of rows of cells which form a 
fibrous web, and a loose central part with colourless cells, 
but containing also some greenish cells called gonidia. The 
gonidia contain chlorophyll, and are algoid bodies. The 
lichens are closely related to fungi in their mode of repro- 
duction, and are now believed to be really fungi, parasitic 
on the gonidia, which are regEurded as algae. Their repro- 
ductive organs are contained in special receptacles, either on 
the upper surface of the thallus, or buried in its tissue. 

Some lichens are gelatinous, £uid form important articles 
of food, as ** Iceland moss," ** reindeer moss ;'* others yield 
valuable colouring matters, as orchil, litmus, cudbear. 

Class XI. — Fungi. 

These plants are either one-celled, or made up of rowa <wl 
filaments of cells, sometimes \>TttaO[iVxi^ «*\. ^'Sk V/s^- ^^Sas^ 
moulds formed on decaying bread, ^"eft«fc> ^wi^^^aa^^ ^s^:^ "^ 
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single filament ; the higher fungi have many filaments laid 
side by side, either parallel or in a oonfnsed mass. The eell- 
wall consists of cellulose, the cell contains no chlorophyll, 
and is therefore incapable of assimilating carbon from the 
carbonic acid of the atmosphere. Hence the fungi live 
on ready-made organic matter. Some fungi live on living 
plants (or animals) as parasites : some on decomposing dead 
organic substance — saprophytes: and some live in other 
organisms — endophytes. When bread, meat, milk, &c., are 
completely protected from fungus spores, theiy may remain 
fresh for years; hence meat and fruits are preserved by 
boiling thorn to destroy the vitality of the spores, and then 
sealing them air-tight in closed vessels. (Figs. 89, 90, 91.) 

The yeast plant {Torula Cerevisiae) is a nnicellnlar fungus. 
It is a spherical transparent globule, about s^^ inch in 
diameter, multiplying rapidly by divisian in any fluid con- 
taining sugar. 

Penicillium glaucumy the mould on decaying vegetable 
matter, is made up of single rows or filaments of cells» 
branching at the top. The cells composing the branches 
(Fig. 89) are spores or conidia. 

Mmhrooms belong to the higher fungi. The thallus or 
plant body consists of two parts — ^the myceluuny composed 
of simple filaments, loose or compact masses, or branching 
bundles of cells, usually underground, and the receptacle, 
which bears the spores. In common mushroom (Agaricus 
Campestris) the spores are borne on delicate plates {lamellae) 
on the under side of the stalked receptacle or cap {pileus,) 
The common mushroom is edible, and is used in making 
catsup. Other edible fungi are the morel, champignon, 
and truffle. Many are poisonous. 

Class XII. — Algae, seaweeds, &c. 

Submerged water plants, varying greatly in form : some 
consist of a single cell, some of rows of cells, others of a 
solid cellular mass. They are reproduced by (1) division, 
one cell dividing into two new cells, as in the diatoms ; (?) 
gemmation, where gemmae or buds break ofiP from the parent 
cell, and become new plants ; (3) swarmspores (or zoospores) 
where one or more naked cells form in a particular cell of ^ 
the parent plant, rupture its cell-walls and escape, then' 
swim about for a time by means of vibratile cilia; and 
gradually coming to rest develop a new cell- wall of cellu- 
lose, and then grow into new algae ; (4) conjugaUoUy where 
two similar c31m combiiia their ptoU>^««iil \.cfc Vxroa. >a.Ti 
a/ngparf or em^A 
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Protoeoeeat nivalis is a unioellular alga, forming the green 
Bcnm on damp walls, trees, 4c., and found in mud where 
rain water colleciUi. It is & single roundish cell, about j,^ 
inch in diamotar, Tarjing in colooc from bright green to 
bright rod, and multipliCH by diTision. 

BaeUria, microacopio bodies foond ifi infasiona of nitio- 
genoas vegetable matter, are algae, sometimfs one-oelled, 
often conaisting of several cells joined together. Thej 
move rapidly by means of cilia, but finally settle down in a 
quiescent state. The germs of bacteria are very abundant, 
easily moved, and possessed of great vitality, and are sup- 
posed to be the cause of putretaatioin, and the propagatora 
of infactioua diseafies. It is sot easy to decide whether they 
are plant or anioial cells; they seem to form a sort of 
border- land between the two kingdoms. 

The Fwxietae, large brown seaweeds, aft«n many feet long 
and branched, are more complex algae. The common 
bladder- wrack of our coasts {Fucu$ ve$ica,losw)) has air 
cavities which serve as swimming bladders, and bears the 
reproductive organs in concrptacUa.{Fi^. 00, 91) at the ends 
of the divided fronds. Some of the larger species of f ucos 
often resemble branched trees. The " Sargasso Sea," occu- 
pying several thousand square miles in the Atlantic, is 
covered with masses of " gulf-weed," Sarga&sum nalans, a 
fncus, with globniar swimming-bladders. 

Fresh water algae are mostly green, and abound in 
stagnant water and ditches, in spring and summer. Marine 
olgae are red, brown, and green ; but much of the brilliant 
colouring disappears on the death of the plants. 
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CHAPTER X.— DESCRIPTION OF PLANTS. 



Ill describing a plant, we should try to enable any one 
well acquainted with botanical terms, but who has not seen 
the plant in question, to understand accurately its appear- 
ance and structure. A description should in fact be a picture 
in words. To acquire the power of so describing plants 
requires great carefulness of observation and a tnoroogfa 
acquaintance with their structure, and with the terms em- 
ployed to denote each circumstance in the structure. The 
learner should endeavour from the first to make out 
written descriptions of plemts, say one every day, giving all 
he has learned about the characters. A few desoripti(ms 
are given here, which it is hoped will be of assistance as 
models to the student. The organs ar(B always taken in the 
same order, and the description of each organ follows a 
definite plan, which the attentive student will soon discover. 

Bittersweet or Nightshade— 5oZa»Mw Dulcamara, 

Solaneae* 

A perennial herb. Stem shrubby at base, 4-6 feet long, 
trailing or climbing. Leaves cordate or ovate 1-3 inches, 
no stipules. Inflorescence loose cymes or panicles, on 
peduncles shorter than the leaves, flowers many, drooping, 
X)edicel slender ; calyx-lobes broad, obtuse : corolla rotate, 
with very short tube, 5-10 lobed, small, blue; filaments 
very short, anthers innate, large, yellow, cohering into a 
cone round the ovary ; opening by terminal pores : ovary 
2-4-celled, style simple, stigma obtuse ; ovules many. Fruit 
a berry, 2-ceUcd, many seeded, ovoid, red. 

Maesh Thistle — Carduus Palustris. Compositive* 

A stiff biennial herb. 2-4 feet high ; stems little branched* 
covered with the prickly margins of the leaves. Leaves de- 
current or winged (i.e., attached along the stem below their 
point of insertion) with hairs on both sides, very prickly, 
narrow : the lower 6-8 inches, pinnatifid, with many ovate 
prickly lobes ; the upper, small and very narrow. Flower- 
heads numerous, small ovoid in irreg^ular terminal corymbs ; 
hracts many, closely imbricated, prickly, purplish-green, 
^ inch : receptacles thick, bearing bristles between the 
florets ; florets all equal and tubular, purple. Achenes pale, 
narrow, smooth, with pappus oi numfixoviA ievwUiery white 
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Red Clover — TrifoUum Fratense, Lcfjuminosce, 

A biennial herb, cultivated for fodder. Eoot^ fibrous. 
Stem^ solid or hollow, ascending. Leaves^ compound, 3- 
lobed, stipulate, sheathing ; leaflets, ovate, htipules, dilated, 
bristle-pointed. Inflorescence y glomerulcs, i to I J in. dia- 
meter, pink or white. Calyx, tube contracted, strongly 
nerved ; teeth slender, unequal. Corolla, papilionaceous. 
Fruitf a pod which opens by the top falling off. 

Common Daisy. — Bellia Perennis, Composifce, 

Moot, perennial, of numerous simple fibres. Stem, short, 
branching at the crown, and spreading horizontally. Leaves, 
numerous, all radical, spreading horizontally ; obovate, 
crenate; deep-green, hairy, with fringed channelled petiole. 
Bcape, radical, ascending, simple, round, hollow, downy, 
naked, bearing one head. Inflorescence, capitulum, invo- 
lucre of 3 rows of bracts, linear, obtuse, hairy, ray and disc 
florets. Florets — of the ray, white, ligulate, blunt, in 3 
rows, neuter ; of the disc, yellow, tubular perfect ; ovary, 
oval, compressed, without pappus; corolla, funnel-shaped, 
5-lobed; anthers, syngenesious, j'ellow, simple at base. 
Style, filiform, stigma 2-fid, with short acute lobes. Re- 
cejftacle, conical, hollow, naked. 

Pbimbose. — Primula Vulgaris. PrimuJaceoe. 

A perennial herb, with stout, fleshy, root-stock. Moot, 
fleshy fibres. Leaves, numerous, all radical, obovate-oblong, 
rugose (wrinkled), soft and downy, exstipulate, sessile. 
Flowers, solitary on erect scapes. Calyx, tubular, inferior, 
5 acute teeth, persistent. Corolla, hypocrateriform, limb 
5-lobed, pale- sulphur colour, with bright-yellow spot at the 
base of each lobe. Stamens, 5, epipetalous, opposite to 
lobes of corolla, nearly sessile ; anthers, 2-celled, introrse, 
dehiscing longitudinally. Pistil, syncarpous ; ovary, supe- 
rior, one-celled ; style, erect, thread-like ; ovules, numerous^ 
on free- central placenta. Fruit, a capsule dehiscing by 
teeth. Seeds, indefinite, angular, albuminous. 

White Lily. — Lilium Candidum, Liliacece, 

Bulb consisting of fleshy, imbricated scales. Stem, erect, 
round, tapering, 4 to 6 feet. Leaves, all cauline, alternate, 
wavy, lanceolate. Flowers, on a large stalk, solitary, 
drooping, white. Perianth of 6 segments, free, recurvei 
Stamens, hypogynous; anthers, versatile, bvvc%\\s\%\»:^%x$sa.. 
Ovary, of six chambers in pairs ; o^rvAft^ "cxrKife"t*^>a&* Y'«>va^'» 
capsule, erect, trigonous. 
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Common Wheat.— Tnffcum VtOgart. Oraminaeecs. 

An annual com plant. Boot, fibrous. Siem, erect, joimted, 
round, hollow, striated, smooth. Zetmes, cauline, alternate, 
sheathing, linear; sheath, 'striated, smooth; ligvle, very 
^hort, membranous. Inflorescence, spicate, 3 to 4 inches 
kng, tctragonous, rachis compressed, ciliate. SpikekU, 
alternate, compressed, in 2 rows, 5-9 flo^rered, sessile. Outer 
glumes, nearly equal, ovate, coriaceous, smooti}. Flowenag 
glumes, ovate-oblong, coriaceous, 7 to 9 nerved. FaU, 
equalling the flowering glume, oval, obtuse, ang^Ies hairy. 
Stamens, 3 hypogynous ; anthers, versatile, linear, dehiseing 
longitudinally. Pistil, syncarpous ; ovary, one-celled; 
styles 2 ; ovule, solitary. Fruity a caryopsis. 

Rice. — Oryza Satiwu Oraminaeeee, 

A corn plant of warm regions. Boot, fibrous. Leaves, 
linear, long. Panicle, branched, branches weak, rough. 
Spiki'hts, one-flowered. Glumes, 2 small, awned. Paler, 
2 ribbed. Stamens, 6, styles, 2. Fruit, a caryopsis. 

Indian Corn. — Zea Mays. Graminaceas, 

Stem, stout, smooth, much jointed. Leaves, linear, long. 
Inflorescence, pistillate flowers in spikelets close together in 
lateral spike, enclosed in a large sheath. Stigmas, thread- 
like, very long, ciliate, hanging down like tuft of iiair. Sta- 
tninate flowers in terminal panicle, 3 stamens. Fruit, large 
grains arranged closely in many rows on an ovate spike. 

Bulbous "RAmnncxTLVS^—Baiiunculus Bulhosue, 

Banunculaceae, 

A perennial, hairy, erect, herb. Stem, swollen at the 
base, without runners, 6-12 inches high. Leaves, divided 
into 3 palmate segments, segments lobed, peduncles far- 
rowed. Flowers, J-1 inch diam., bright-yellow; sepals, 6, 
reflexed on the peduncle, receptacle hairy, petals, 5 ; sta- 
mens 00 , carpels oo , distinct ; achenes compressed, smooth. 

Like the other ranunculi with bright-yellow flowers, this 
plant is called a buttercup. 

Wall-flower — Chdranthus Cheiri, Cruci/erae, 

A perennial herb or undershrub. Stem, shrubby below, 

branched, angled, with hairs forked and pressed close to 

the surface. Leaves, entire, narrow-pointed,. 2-3 inches 

long. Flowers, an inch in diameter, orange-yeUow, purple 

cr yellow, fragrant, in racemes *. ^e^aAs et^sCi\.> ci,QrK\!c»N^ ^t 

iie base; petals, 4, witli long cVa^a, ctvxRaaXfc*. «b^«^^^^ 
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ietrddycamous (4 long in pairs, 2 she tt solitary) ; ovary 
solitary, 2-cellcd, stigma almost sessile ; pod, 1-3 inches 
long compressed. 

Pansy — Viola Tricolor, Violaceae. 

A herb, very variable, smooth. Stem, 4-18 inches, erect 
or ascending^ branched ; angular, flexular. Leaves, 1-1| in. 
lyrate, alternate, with long petiole, oblong or lanceolate, 
orenate ; stipules leafy, spreading, deeply lobed. Flowers, 
irregular, ^-IJ in. dmm. : pur^e, white or yellow, often 
with all these colours ; bracts small, high up on peduncle ; 
sepals, 5, persistent; petals, 5 imequal spreading, lower 
largest, spurred at the base ; stamens, 5, filaments short, 
broad, anthers connate ; ovary, sessile, 1 -celled ; style short, 
straight, stigma capitate, cup-shaped. Fruit, a capsule, 
opening by 3 elastic valves. 

BAflPBERST — BvhuB I(kBU$, Rosocme. 

A shmb, with perennial rootstock, giving off many 
suckers. Stems biennial, erect, 3-5 feet, downy, with weak 
prickles. Leaves, alternate, pinnate, 3-5 leaflets, ovate, 
toothed, light-green above, whitish below; ff^ipw/es, small, 
attached to petiole. Flowers, white, in long terminal pani- 
cles, regular : calyx-tube, broad, lobes 5, lanceolate, persis- 
tent. Pe/aZa 5, narrow and short. /Stamens many. Carpels 
many. Fruit of many drupels, red, 1 -seeded, on a dry 
conical receptacle. 

Red Battle — Pedicular is Palustris. Scrophulariaceae. 

A nearly glabrous annual, with thick root. Stem erect, 
much branched above, stout, 6-18 inches. Leaves opposite, 
pinnate, segments ovate, cordate or pinnatifid ; floral leaves 
}?Itemate twice pinnate. Flowers duU pink, almost sessile 
f.n axils of the upper leaves : calyx broad, reddish -green, 
2 -lobed ; corolla 1 inch ; upper lotle obtuse, 3-toothed, lower 
broad, stamens, 4, concealed by upper lip, filaments hairy. 
Fruit, a capsule flattened, projecting from the calyx. 

Yellow Flag — Iris Pseud-Acorus, Irideae, 

A perennial herb. Rootstock creeping, stout, with nu- 
merous fibres, acrid. Stem about 2 feet high. Leaves 2-4 feet 
1-2 inches broad, stiff and erect, pale green. Scape 2-4 feet, 
leafy, often branched. Floviers 2 or 3, each proceeding 
from a sheathing bract, 3-4 inches m ^ikasafe\Kt» ^xs^ist 
perianth segments spreading, O'vaXje, ^"a.^^^ ^ »Caa,>5f5k^\ 
ycUow with purple veins ; innex 8egai"eii\.^c^J^wx%^2>s^^'^'^^^*^ i 
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Stamens inserted on outer segments. Ovary 3-gonous, styie j 
short, stigmas 3 very broad petaloid arching over the sta- 
mens. Capsule green, 2 to 3 inches long, 9-gonous, 3- I 
ribbed. 

Bladder Campion — Silene Injlata, Caryophylleae, 

A perennial herb, loosely branched at the base. Stem 
ascending or erect, 2-3 feet, glaucous, smooth or downy. 
Leaves 1-3 in., ovate or oblong, pointed. Flowers, many in 
a panicle, } inch diam., drooping, white: caZyjc 5-toothed, 
inflated, petals 5, deeply 2-cleft, with narrow claws. 

Common Mallow— JlfaZra Sylvestris, Malvaceae. 

A hairy herb, with numerous ascending stems, 1-3 feet; 
leaves on long stalks, alternate, with 3-7 lobes, broad 
and short, crenate serrate, stipides deciduous. Flowers in 
axillary clusters, 1-1 J inch diam. : reddish purple: calyx 5- 
lobed, with 3 bracteoles. Corolla adnate at base to staminal 
column, 5 petals : stamens many, filaments united below into 
a tube ; anthers 2-celled, 2-valved, extrorse : ovary many- 
celled. Fruit f a whorl of indehiscent 1 -seeded carpels, 
separating from a short conical axis. 

GoRSE, Wiiix, or FcjRZE — Ulex Europaeus, Leguminosae. 

A green, thorny shrub, much branched, 2-5 feet high. 
Leaves simple, mostly reduced to thorns, 1-2 inches lon^, 
exstipulate. Flowers, papilionaceous, bright yellow, soli- 
tary in axils of leaves of last year, forming showy racemes 
intermingled with thorns at the ends of the branches. 
Calyx yellow, hairy, 2-lobed. Petals shortly clawed, wings 
longer than keel. Stamens 10, monadelphous ; anthers 
alternately short and versatile, or long and basifixed. 
Style smooth, stigma capitate. Fruit a pod, 2-valved, 
1-celled, j in., black, covered with hairs. 

Elder or Bourtree — Samhucus Nigra, Capri/oliaceae. 

A small tree, with very large pith in stem and branches. 

Leaves opposite, compound pinnate; leaflets 5-7, ovate, 

pointed, serrate, nearly glabrous (smooth). Flowers small, 

white, in large corjonbs 6-6 in. broad, several times 

branched; bracts very small; calyx with five notches; 

corolla white, rotate, five-lobes ; stamens 5, inserted at the 

base of the corolla ; ovary 3-5-cei\led, on^ OYule in each cell. 

^ruii a berry-like drupe, small, g\obo^ci,T«t^^ ^gNi«B.^NJnaBL 

3 or 4 seed^like stones, eacb. coTitamVa^ oxv^ ^^«A.« 
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TuBNip — Brauiea Nixpiu. Cruci/erx, 

Jioot, globular, wifh 
Qumerotis brancbcB at 
lower extremitj. Stem, 
shortened, almost Bup- 
preaaed. Leaves, bright- 
green, baity ; tipper, 
lanceolate, heart-shaped 
ftt base, clasping the 
stem ; lower, lyrate, 
toothed. Iiiflore4cenc», 
ereotraceme, with bright 
yellow flowers. Cali/x, 
4 sepals, free, deciduous. 
Corolla, i petals, cruci- 
ate, deoiduoua.' Stanteni, 
e.tetradynamoHS. Fruit, 
a siliqua, two-celled, 
many- seeded. 

GARDBif Pea — Pt'sum 
Sativum. Leguminoea. 

A weak, climbing, 
annual herb. Boot, fi- 
brous, branched. Stem, 
weak, climbing, slight- 
ly branched, smooth. 
Leave*, oauline, alter- 
nate, compound, pin- 
nate, ending in tendrils ; 
Uafiett, ovate, entire, 
smooth, bluish-green ; 
itipulef, leaf -like, ovato- 
oordate,crenate. Floti;f$, 
large, irregular, in axil- 
lary pedunculate racemes. Calyx, g^mosepalo us, '5- toothed, 
bilabiate, persistent. Corolla, papilionaceous, white ; stand- 
ard large, obcordate, erect; winga roundish, converging ; 
keel curved, compressed, longer than wings. Stamen), 

SBiigynous, decandrous, diadelphous ; anthers, 2-celled, 
ehiscing longitudinally. Fistil, apocarpous ; ovary, supe- 
rior, oblong, compressed, one-celled ; style, terminal, 
hooked; stig-ma, simple; ovuiiea, le-s, aid»>3tviiAyi-i«5*^^ 
aatare. -^Vui'^, a legume, needs 3 
with coriaceous smooth, testa. 
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USEFUL PBODUCTS. 

Opium,— Paparer somniferum, Papaveraeea, India and China. 
Incisions are made in the unripe capsules, and a milky juice 
exudes ; when dried, this forms opium. It is used in the form of 
laudanum to allay pain and produce sleep. 

Cotton. — Long- fibres or hairs attached to the seeds of several 
species of gosappium. Order, Malvacns, Cultivated in the United 
States, India, Brazil, and Egypt. Used in the manufacture of 
calico and other fabrics. 

Mustard. — Seeds of Sinapis nigra^ black mustard plant, also 
of S, alba. Order, CrueifenB. Acrid and pungent. Pounded and 
mixed with water, it is used as a condiment and for blistering. 

Sugrar. — Obtained from the juice of various plants, chiefly 
Saccharum offieinarum (sugar-cane). Order, Oratninaeea. The ripe 
stems are cut and pressed between rollers ; the juice is crystallised 
and purified. Beta vulgaris (conmion beet), Chenopodiacece ; ex- 
tracted from the root. Maple {Acer saeeharinum), &om the stem. 

Chocolate — Theobroma cacao. Order, Byttneriaeem, Seeds of 
a tree growing in Demerara, called cacao beans. When washed 
and ground they make cocoa; when sweetened and flavoured with 
sugar and vanilla they form chocolate. 

Tea. — The leaves of various species of Thea, Thea viridis, &c. 
Order, Ternstromiacece, China and India. 

Cofifee. — Cofee Arabica ; Cinchonacea. Arabia, India. The 
fruit consists of two halves, nearly hemispherical; these are 
roasted, ground, and infused. 

Starch. — Obtained from the underground parts of many 
plants, as potato {Solarium tuberosum) ; from the seeds of others, as 
wheat {Triticum vulgare). 

Jute. — Inner bark of Corchorus capsvlarisy a native of India. 
Order, Tiliaceoe, Used for matting*, making bags and coarse 
cloth. 

Flax. — Fibres from the inner bark of Zinum usitatissimum. 
Order, Zinaceoe, 

Cinnamoil. — Bark of Cinnamomum zeylanieum. Order, Lau- 
raceoB. Aromatic spice, used in cooking and confectionery. 

Pepper. — Cayenne, from Capsicum annuum. Order, Solaneci, 
Pickled or ground fruit. Guinea, East and West Indies. 

Galls. — Excrescences on oak, produced by an excretion thrown 
out round an egg deposited by an insect. Used for making 
writing-ink. Cupuliferos or Ammtaceoe, 

Quinine. — An alkaloid procured from the bark of cinchona. 
CinchonaceoB, Found on the Andes, 8,000 feet high. Grown also 
lately on the Neilgherry Hills, in India. 

Rhubarb. — ^Various species of Rheum, Order, Pofygonacecs, 
The root is used medicinally ; the petiole in cookery. 

OuCUmher, — The fleshy, oblong fruit of Cucumis sativutj a 
creeping; plant. Order, CucurbitoceoB. "VS^feOk. Vst «»2A.d& wsid 
pjckJeB, 
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Elementary Botany.~1874. 



1. What important portion of their food do plants draw from 
the air ? Say what you know about it, and how much of 
it 1000 parts of air usually contain. 

2. Explain the process by which the cells of a part of a plant 
(a leaf, for example) are multiplied. 

3. Describe the structure of the upper and under sides of a 
leaf, and give reasons for their being different. 

4. Explain what is meant by adhesion in the parts of a flower, 
and describe the different arrangements which may result 
fix)mit. 

5. Describe the means by which the pollen is carried from 
one flower to another. 

6. Qive a full account of a bud in the case of horse-chestnut, 
lilac, or any deciduous tree or shrub which you have looked 
at 

7. Describe fully the germination of a horse-chestnut or acorn. 

8. Describe fully the pistil in a buttercup (Bcmunculus) or 
primrose (Prvnmla), 

9. Explain the process by which the trunk of a tree like the 
oak increases in diameter. 

10. How does a berry differ from a drupe 1 Mention all th« 
different kinds of fruit to which the word berry may be 
applied, and give examples. 
11 and 12. Refer the two plants placed before you to their 
natural orders, giving your reasons for doing so ; and de- 
scribe them, taking their oigans (when present) in the 
following order : — 

Stem Calyx Ovary 

Leaves CoToWa "SxvsciX. 

Bracts Stameiia ^kr^ 
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Elementary Botany. — ^1875. 

1. What are the principal substances which form the food of 
plants? 

2. What is the cause of the green colour of plants ? What is 
its use? 

3. Give an account of "parenchyma." Explain how it is 
formed. 

4. Give a full account of a potato, and explain as much as 
you can of its structure. 

5. What is meant by definite and indefinite inflorescence? 
Give examples, and draw diagrams to explain your 
answer. 

6. Give the names and brief descriptions of the enveloping 
and essential organs of a flower. 

7. What is pollen ? What is its use ? 

S. What is meant by an inferior ovary ? Give examples. 
9. Describe fully the seed of a bean. 
10. What is the difference between an annual and a perennial 

plant? 
11 and 12. Refer the two plants placed before you to their 
natural orders, giving your reasons for doing so ; and de- 
scribe them, taking their organs (when present) in the 
following order : — 

Stem Calyx Ovary 

Leaves Corolla Fruit 

Bracts Stamens Seeds 
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SCIENCE AND ART DEPARTMENT. 

1880. 



1 & 2. Refer the two plants placed before you to their 
natural orders, giving your reasons for doing so, and 
describe them, taking their organs (when present) in 
the following order : — 

Stem Calyx Ovary 

Leaves Corolla Fruit 

Bracts Stamens Seeds 

3. When a branch is cut off a plant, the leaves upon it 

shortly begin to droop : explain why this happens. 

4. Explain fully the various respects in which a petal differs 

from a leaf. 

5. (Hve an account of the structure of the head of a daisy. 

6. What are stomata P Where are they found in the plant, 

and what is their use P 

7. In what important respects does the fruit of a cruciferous 

plant (such as shepherd's purse) differ from that of a 
leguminous plant (such as a pea) P How can the differ- 
ence be accounted for P 

8. Describe the typical structure of a stamen. State the 

peculiarities characteristic of those of a crucifer, a com- 
posite, a labiate, and a grass. 

9. Describe the structure of an onion. 

10. Explain the difference in the growth of the b«irk of a 
tree and that of the wood. 

11. Why do plants require nitrogen, and in what form do 
they take it in ? 

12. In what points of structure does an ovule differ from a 
seedP 



Irish Intermediate Schools.— 1879. 
MIDDLE GRADE. 

1. Describe the fruit met with in the poppy, 

2. Describe the floral whorls met with in the wall-flower. 

3. What native species of the family of the Umbellates are 

poisonous P 

4. Give a list of some of our native 'i^\axA&\i^<^'^^sv%\Rk'^sia 

Jlose family. 
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d. What is the native country of the Potato plant P 
f). Mention some poisonous Solanaceous plants. 
7. Describe the fruit in the Oak and Hazel nut trees. 
8.*Why axe the Conifers said to be ** Gymnospermous ? " 
9.*How do the Fungi differ from all other plants ? 

JUNIOR GRADE. 

1. Describe a root, both as to its external form and its in- 

ternal structure. 

2. How and whence do plants get their carbon P 

3. Describe the flower of an apple tree. 

4. Mention some of the chief varietios of underground stems. 

5. How woidd yon distinguish a spike, an umbel, and a 

raceme? 

6. Describe the fruit of a strawberry plant and of a rasp- 

berry plant. 

7. What are stomates* and where do you find them P 

8. Enumerate the chief inorganic bodies to be met with in 

plants. 
9.* Describe the embryo plant as found in the fruit (grain) 
of the wheat. 



Irish Intermediate Schools.— 1880. 
SENIOR GRADE. 

1 . How are the angiosperms distinguished from the gym- 

nosperms ? 

2. Describe the chief forms of flowers to be met with in the 

Compositae. 

3. What is the so-called " fruit" in a moss P 

4. Where are the spores to be found in a mushroom P 

Honors, 

5. Trace the life history of a fern from the stage of a spore 

to that of a spore-bearing plant. 

6. Describe the reproductive organs in Fucua veaiculosus, 

MIDDLE GRADE. 

1 . A splinter of wood is burned in an open lamp : what ele- 
ments volatilise P 
2, How does the starch get into the potato tuber P 
S, Where ia free cell- formation to "be xaftt ^wVVJsi^ 
^- What are the functions oi the stom^te^a^ 
^' Where is prosenchyma to "bo met -mV^i^ 
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6. Describe the parts of a carpellary leaf as met with in a 

ripe cherry, 

7. Describe the attachment of the stamens in the rose. 

8. What is the fruit in the poppy ? 

Honors. 

9. Describe the inflorescence and flower in the red doYer. 

10. Describe the ripe cone in the Scotch fir. 

11. Describe the fruit and seed in the oat. 

12. Describe the pollen in the Scotch fir. 

JUOTOB GEADB. 

1. What is meant by cell-growth, and cell-development ? 

2. How does the growth of a root differ from that of a stem P 

3. Describe the forms of cellular tissue to be met with in a 

foliage leaf, say of a strawberry. 

4. Describe the inflorescence and the flower in a garden pea. 

5. Describe the parts of the flower to be met with in the 

foxglove. 

6. Describe and name the fruit in the potato. 

Honors, 

7. Write out the characters of the natural order of the cru- 

ciferae. 

8. Describe in detail the inflorescence in the daisy. 

9. State what you know about the reproductive organs in 

the sweet violet. 



Commissioners of National Education, Ireland. 

Examination for Teachers* Certificates, June, 1880. 

1. Give an accoimt of the natural system of the classification 

of plants, and point out its special advantages. 

2. Give the distinctive characters of the natural order 

Umbelliferae. Mention some common examples of 
plants of this order, giving both their popular and 
scientific names. 

3. From what plants, and from what parts of the plants, are 

the following obtained : — cloves, hops, pepper, safi&on, 
indigo, cork, opium, quinine, strychmne ? State in each 
case where the plant is indigenous. 

4. You place before your class a specimen of the common field 

poppy in flower, and you pxocfeft^ \*<i ^^ ^ X^oKsuK^sa^ 
deaoription of the whole plant. QfVN^ ^ \snft'^ ^xisosasac^ 
of jour lesson. 
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6. What are the different kinds of roots ? How are roots 
distinguished from underground stems P 

6. Give an account of the structure and functions of the leaf 

and of the pith of plants. 

7. Give a short account of inflorescence. State examples of 

the different kinds of inflorescence. 

8. What are the chief sugar-yielding plants ? State the 

natural orders to which these plants respectively belong, 
and the native country of each. 
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Geometry and Mensuration. Past I. Containing the. 

First Book of Euclid, and Mensuration of Rectilineal Figures. 
By W. J. Bbownb, M.A. Third Edition^ revised, F'cap 8vo, 
cloth, 72 pp. Sixpence. 

Geometry and Mensuration. Pake II. Containing the 

Second ^ook of Euclid, and Mensuration of the Circle, Zone, 
Ellipse, and Surfaces of Solids. By W. J. Bbownb, M.A. 
F'cap 8vo, cloth, 60 pp. Sixpence. 



®ptnt0n0 of tfie Ptesss. 

'^ The essentials of Geometry given in a manner at once simple 
and philosophical. We can heartily connnend it to all beginners." 
— TAtf Statidard. 

''The elements of Greometry and Mensuration, in a convenient 
form, for schools, and in parts graduated to suit the different 
stages of instruction." — literary World, 

'* This is one of the best books of its kind we have ever seen. 
The idea of combining Geometry and Mensuration in one book is 
excellent, and, so far as it goes, Mr. Browne's little work amply 
accomplishes its purpose." — Educational R^orter, 

''The section on Mensuration is ably treated, salient points 
being clearly and simply set forth.'' — Educational Register, 

" In the Mensuration the rules are clearly stated, well illustrated, 
and the reasons fully given. The hand of a good teacher it 
apparent in the arrangement of the materials. We can recommend 
it not only as a usefm but as an attractive school-book." — Irish 
-^ <hers* Journal, 

*' Positively a marvel of cheapness ... * clearly printed 
and neatly bound." — Irish Times, 

" The exercises in the part devoted to Mensuration are very; 
numerous, and will enable the pupil to familiarise himself with 
the various rules." — Schoolmaster, 

" Some of the proofs in Euclid have been put in simpler fonur 
The exercises bring out the principles very clearly." — Edinburgh 
Courant, 
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Algrebra for Schools. Part I. Definitions, Simple Knlea, 
Elementary Formulee, and easy Simple Equations. By 
Gkoeqb Poeteb. 68 pp. foolscap 8vo, cloth. Price 6d. 

Algr^bra for Schools. Paet II. Greatest Common Measure 
— Least Common Multiple — Formulse — Simple Equations and 
Problems producing them — Fractions — Involution, Evolution 
— Theory of Integer Indices — Batio and Proportion. By 
Geoeqb Poeteb. 80 pp. foolscap 8vo, doth. Price 8d« 
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** Takes great pains to make the symbols clearly understood. 
The exercises are very easy throughout, and special provision is 
made for home work." — Schoolmaster. 

" An excellent little book. Well printed, on good paper; 
strongly bound for school use ; and inexpensive withal. The clear 
exposition and illustration of rules and principles, and the judicious 
arrangement and graduation of the numerous exercises, make us 
heartUy recommend it as one of the very best of its kind." — 
Educational Reporter, 

'* Another of this series of useful elementary manuals, which 
are getting so extensively into use, has been issued. . , . Mr. 
Porter seems to have introduced the study of t^is branch of edu- 
cation in a manner at once plain and practicaL • # ." — Northei^ 
Whig, 



Magnetism and Electricity for Schools and Science 

Classes. By. George Poetbe. With numerous Illustrations 
and Examination Questions. Price 8d. 

Elements of Geomietry. Containing First Two Books of 
Euclid, with Exercises. By W. J. Beowne, M.A. Price 8d. 

Mensuration for Schools, including Land Surveying. With 
nearly 1000 Exercises and Examples. By W. J. Beownb, M.A. 
F'cap 8vo, 104 pages. Price One Shilling. 
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Botany for Schools. Embracing the Structure, 
Classification, and Description of Plants. By W, J. Bbownb, 
M.A. Second Edition^ revised and enlarged, 112 pp. foolscap 
8yo, cloth, copiously illustrated. Price One Shilling. 

* unsanctioned by the Commissioners of National Education in Ireland, 



** An excellent introduction to the science of Botany. It contains 
a great deal of useful matter, admirably arranged. The de- 
scriptions are clear and accurate, and the engravings very 
good." — Irish Teachers* Journal, 

** Clearly written, and full of information. The illustrations are 
^ery good, and the sets of questions will be found valuable. 
Altogether, it is a weU-written and cheap little work," — 
Schoolmaster, 

** The morphological and structural portion is so well done as to 
render the little book of great use to the beginner. Indeed 
we do not know any purely elementary work in which this 
part is more satisfactory. . . . The illustrations, 
seventy-six in number, are very good and serviceable."— 
Nature. 

" A nicely got-up little volume. It deals principally with struc- 
tural Botany, but g^ves an outline, with useful but brief 
descriptions, of dass&catory Botany as weU. '' — Science Gossip, 

'*The subject is treated in a manner that is at once concise and 
easily understood, and the illustrations are admirable." — 
Witness, 

*' In it Structure, Classification, and Description are treated in a 
brief and lucid manner. The work is creditable alike to Mr. 
Browne's industry and versatility." — Northern Whig. 

"Brevity is combined with clearness and decision; and in an 
exceedingly narrow compass much interesting and useful 
information is intelligibly conveyed. The botanical descrip- 
tions are particularly concise and pictoriaL As an elemen- 
tary text-book for schools and colleges, Mr. Browne's manual 
may be safely recommended.** — Belfast Morning News, 

^ The science is developed in a clear, brief, and yet comprehensive 
manner. Every statement or definition is rendered quite 
intelligible by a reference to some well-known wild flower ; 
and the book is amply and admirably illustrated by woodcuts* 
. The printing and paper, too, are excellent.''—- 
Zimerick Chronicle. 
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